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An Extinct Giant-Shark 


The Race Probably Died Out Through Its Own Rapacity 


Ir is perhaps not generally realized that some species 
of sharks are among the hugest of marine animals, 
yet it is a fact that certain of them among them can 
be compared only with the whale. These giant sharks, 
howe\er, are not well known, they are very rare, turn 
up in most out of the way places, and usually disinte- 
grate before they can be carefully measured or studied. 
The largest species living at the present day are the great 
Whal: Shark and the Basking Shark. The former is 
known from specimens stranded at various times at 
the Cape of Good Hope, on the coasts of India, Peru, 
Lower California, the Pacific archipelagoes, and, most 
recently, Florida, It is thus very widely distributed. 
It attains a length of over fifty feet; a specimen taken 
in the Seychelles in 1863 was measured and found to 
be over forty-five feet, and others recorded from the 
same locality by a reliable observer were over fifty. 
Fortunately, this monster is quite harmless. It has 
very small teeth and feeds upon the minute organisms 
abounding at the surface of the sea, which it strains 
through its gill rakers. The same is true of the great 
Basking Shark, which is found especially in the Arctic 
Ocean. This species approaches the Whale Shark in 
size and like it is an entirely harmless creature, feeding 
upon the micro-organisms of the sea. 

But if the largest sharks of to-day are harmless, 
the same is not true of their congeners in the past. 
In Eocene times, the geologic age, during which mam- 
mals rose to their place of supremacy in the animal 
world, there lived in the sea a giant shark larger than 
any of the present day, and withal a most terrific 
monster. This shark has received considerable atten- 
tion during the past year at the American Museum 


By Louis HussakKof 


of Natural History, through the fact that the Museum 
procured several hundred teeth of this species which 
were set up in a restoration of its jaws. The teeth were 
collected many years ago from the phosphate beds of 
South Carolina, by the late Mr. Joseph Cohn. 

A word about these jaws; as seen from the picture 
they are sufficient size, opened up, to allow five or six 
men to walk abreast right into the mouth. The teeth 
are arranged in rows above and below, those in the 
middle of each row being the largest. One of them which 
was especially measured is four and one-quarter inches 
wide at the base of the crown and six inches high. 
There are twenty-four teeth in the upper front row 
and twenty-four in the lower, and back of each of 
these rows there are three more, not seen in a front 
view, which are intended to take the place of any teeth 
in the front row which may be lost. The edges of each 
tooth are like sharp knife blades, or to be more accurate, 
sharp saw edges, since they are serrated. What a tre- 
mendous engine of destruction this jaw must have 
been in life. Fancy the millions upon millions of fishes 
that must have been guillotined by the snapping to- 
gether of this gigantic mouth. Perhaps never was there 
evolved an engine of destruction more terrible than 
this. Not even the dental battery of the gigantic 
Dinosaur, Tyrannosaurus rez, surpassed it in power. 
And what manner of shark was this to whom belonged 
these jaws? Have we any data by which to picture 
its size and appearance? Fortunately, we have. There 
survives at the present day a closely related shark which 
gives us an idea of the appearance of its gigantic extinct 
relative. This surviving species is the Great White 
‘“‘Man-eater,” known to scientists as Carcharodon 


rondeleti, which is washed up on the Atlantic coast 
once in a long while. One of these sharks, a rather 
small specimen, ten feet long, was cast up on the Massa- 
chusetts coast in 1883, and received careful attention 
at the hands of Dr. W. G. Stevenson, who published 
a description and accurate measurements of it. Its 
teeth were one and one-fourth inches high, and if we 
compare the size of its jaws with those of the extinct 
shark (Carcharodon megalodon) we may safely con- 
clude that’ the latter must have been in the neighbor- 
hood of seventy or eighty feet in length. It was thus 
as large as a Sulphur-bottom Whale, the hugest of all 
whales. Carcharodon megalodon is not the only extinct 
species of this kind of shark. To judge from the fossil 
teeth which occur in different parts of the world, there 
lived at least a dozen other species in the sea contempo- 
raneously with it, which have also become extinct. 
The surviving species, the Great White ‘‘Man-eater,”’ 
is exceedingly rare and may be regarded as on the 
verge of extinction. What was the cause of such a 
gigantic and terrible monster becoming extinct? 

Not knowing all the conditions of life of such a crea- 
ture, it is not possible to give an accurate answer to 
this question, but we may venture an explanation. 
We know that a shark of such gigantie proportions 
must have consumed enormous quantities of fish. 
Owing to its rapacious habits these fish must have 
decreased in number sufficiently in course of time to 
have deprived it of its staple article of food and thus 
must have led to its extinction. This view is made more 
probable when we remember that the giant shark 
lived in the sea with a dozen or more other species 
which were constantly competing with it for food. 


Death-trap of an Eighty-foot Shark 


The fierce dental battery of the monster 
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A Recently Installed System of Electric Train Lighting 


Dynamo Driven from the Coach Axle 


Tue accompanying illustration Fig. 1 and drawing 
Fig. 2, show the automatic dynamos, governors and 
switching apparatus of an electric train lighting equip- 
ment recently developed at Silvertown, England. This 
consists of a dynamo driven from the coach axle, and 
carrying on its shaft a governor which is used to operate 
the controlling apparatus. There is a double battery of 
accumulators provided, one of which is normally con- 
nected to the terminals of the lamp circuit, while the 
other is connected to the armature terminals so that it 
may receive a charge. 

The electric generator is of usual construction except 
that the field magnets are differentially wound, one wind- 
ing being a shunt winding connected by the switch gear 
to the terminals of the battery, which at any given time 
is connected to the lamps (hereafter called the discharge 
battery), while the other is a series winding through 
which is passed the whole or a part of the current sup- 
plied by the dynamo to the second battery, called the 
charge battery. This winding is connected up by the 
switchgear so that it opposes the shunt winding, and 
tends to demagnetize the magnets and weaken the field 
in which the armature is rotating. Connected as a shunt 
to the series winding there is a resistance or divérter, 
which can be adjusted by hand to regulate the propor- 
tion of the charging current passing through the series 
winding; so that if the conditions of working are such 
that there is an increase in the ampere hours or discharge 
from the batteries, the rate of charge of the charge bat- 
tery also can be increased, or if there is a decrease, the 
rate can be diminished. 

By so adjusting the diverter resistance that, with any 
pre-determined value of the charging current, the pro- 
portion of this current passing through the series coils 
gives a demagnetizing effect equal to the magnetizing 
effect of the shunt coils, it is possible to limit the charg- 
ing current to something less than this predetermined 
value, as there would be no magnetizing force and the 
dynamo could not generate an electromotive force and 
consequently could not supply any current to the bat- 
tery. At the same time, as none of the current passing to 
the lamp circuit passes through the series coils, their 
demagnetizing effect is not dependent on the number of 
lamps in circuit, and whether full, half or no lights are on, 
it is still impossible for the charging current to reach the 
predetermined value. 

The armature shaft of the dynamo carries a centrifugal 
governor, so arranged that it operates a cut-in switch 
when the speed of the armature is such that the dynamo, 
if excited by the shunt coils only, would give a voltage 
equal to the normal lamp voltage. This cut-in switch 
first connects the shunt circuit to the discharge battery 
so as to excite the magnets of the dynamo, and then con- 
nects the armature of the dynamo to the charge battery 
through the demagnetizing series coils and its diverter, 
and to the discharge battery and lamp circuit through 
the lamp resistances. 

The governor also carries on its collar a projection 
which, as soon as the armature begins to rotate, engages 
with a rocking lever. This latter operates a reversing 
switch, provided there has been a change in the direction 
of rotation of the armature. This collar works against a 
light spring for the first half inch of its movement, so that 
it is quickly drawn away by the governor when making 
only a few revolutions per minute, sufficient for the pro- 
jection to be clear of the rocking lever and thus prevent 
the repeated striking of the former against the latter. 

The reversing switch not only changes the connections 
between the armature and the batteries so that the 
dynamo gives current in the proper direction, but also 
changes the batteries over so that the one that was the 
discharge battery becomes the charge battery and vice 
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Fig. 2.—Silvertown Train Lighting System. 


versa. In addition to the above apparatus, a lamp switch 
is provided, so that all the lights, or half lights can be 
switched on. This switch also couples the two batteries 
in parallel for charging when all lights are switched off. 

The accompanying drawing Fig. 2 shows the general 
arrangement of the dynamo and the construction of the 
governor and switchgear. The numbers on the switch- 
board where a circle is shown denote the points at which 
the connections pass through the switchboard; the other 
numbers (at the squares) refer to the reversing and cut- 
ting in and out switches. Thus 9, 10 and 11 are the cut- 
ting in and out switches and 1, 3,7, 5 and 2, 4, 8, 6 upper 
contacts and 1, 7, 3, 5 and 2, 8, 4, 6 lower contacts on the 
reversing switch. 

If it is assumed that the train is just starting and all 
the lamps are switched on, the direction being such that 
the reversing switch is in position shown by the full lines 
(upper contacts), the current will flow through the vari- 
ous circuits in the following manner—from No. 1 battery 
to upper contacts 6 and 8, to lamp switch and back to 


Fig. 1—The Dynamo With Its Governor. 


General Diagram of Connections. 


No. 1 battery. A part of the current will be supplied by 
No. 2 battery through contacts 2 and 4, through the 
series winding and its diverter, then through the lamp 
resistance to the lamps and back to No. 2 battery. 

As soon as the speed has been increased sufficiently the 
shunt winding will be connected to No. 1 battery to 
excite the shunt through contacts 6 and 8, to shunt coils 
and contacts 9 and 11 and back to No. 1 battery, thus 
insuring the voltage being built up before the armature 
is connected with the batteries and lamps. 

It is clear that an increased speed will now connect 9 
and 11 to 10, and the armature will supply current to the 
load in the following manner: The current passes from 
the armature to contacts 1 and 3, after which it divides, 
part going through the lamp resistances to the lamps and 
part through the series winding and its diverter and con- 
tacts 4 and 2 to No. 2 battery (which is the charge bat- 
tery when running in this direction). The current from 
No. 2 battery will now join that from the lamps-and pass 
through contacts 11, 10, 7 and 5 back to the armature: 

In ease only half lamps are required, the current will 
flow as before except that there will be no circuit through 
one group of lamps, nor through one of the lamp resist- 
ances, which were in parallel for full lights. In the event 
of no lights being used, the two batteries are; placed in 
parallel by the act of switching the lights off.’ In this 
ease, the current will flow in the following: manner: 
from the armature to contacts 1 and 3, after whicliit 
divides, part going to the series winding and its diverter 
and part to the “half light’’ lamp resistance. 

After passing through the series winding diverter and 
lamp resistance in parallel the current again divides, 
p@fsing through both batteries and the shunt winding in 
parallel and through contacts 11, 9 and 10 to 7 and 5 to 
the armature. 

It is claimed that the advantage gained by this system 
of regulation is that it is practically impossible to charge 
the battery at an excessive rate, and that it provides at 
easy means of adjusting the amount of charge to the 
requirements of the battery. This should appreciably 
reduce the cost of maintenance of the battery, as it will 
not be necessary to wash it out or replace plates as [re- 
quently as heretofore, 


00 
— 
ie 
ye 
ol 
de 
i wl 
tu 
off 
wi 
ay 
of 
tul 
jet 
the 
in’ 
sin 
lar 
t 
the 
ma 
hai 
thi 
lar: 
] 
trie 
We 
ace 
Z 
i 
hor: 
and 
; 55 t 


WER TER. 


upplied by 
rough the 
1 the lamp 
ery. 

ciently the 
battery to 
shunt coils 
ttery, thus 
e armature 


eonnect 9 
rent to the 
yasses from 
it divides, 
lamps and 
er and con- 
tharge bat- 
irrent from 
ps and pass 
rmature. 

urrent will 
uit through 
amp resist- 
n the event 
e placed in 
ff.’ In this 
g manner: 
or whic 
its diverter 


iverter and 
in divides, 
winding in 
and 5 to 


this system 
le to charge 
provides at 
urge to the 
appreciably 
as it will 
lates as fre- 


Aprit 13, 1912 


SCIENTIFIC AMERICAN SUPPLEMENT No, 1893 


227 


Internal Combustion Motors for Life Boats 


Gasoline Engines Designed to Meet the Severest Conditions of Service 


Tue advantages of having some form of motive power 
beyond sails and oars fitted on a lifeboat have been long 
recognized by those responsible for such boats, and will 
be obvious to anyone who gives the matter a thought. 
The Ramsgate lifeboat, for instance, has had for many 


Particulars of Motor-driccu Lifebouls now in Service. 


all the motors being required to run at a speed not exceed- 
irg 700. As the conditions required of a motor for use on 
a lifeboat are so entirely different from those which obtain 
in ordinary marine work, it is necessary to be fully ac- 
quainted with these special requirements before ventur- 


Station. a | Reverse gear. | 2 Remarks. 
Date. | Type. Size. Maker, | 2 2 | $2 
| & 28 
A | 8 
ft. ft. in. in in. 
Sunderland 1904 | SR. | 38 x 8 Fay&Bowen) 11) — — | Durham 5-9 12 = 
4 | Churchill | 
Tec-mouth (Reserve No, ...| 1906 | S.R. 42x 11 0 Tylor 30] 21 Buffalo 7-2 18-5 
Newhaven (old) 1907 | SR. | 37 x 3 | Thornycroft) 24} 19 14 | Vhornycroft | 7-27 | 15-6 
clutch 6-8 Se 
Walton-on-Naze... 1906 |N. &§.) 43 x 1z 6 Blake 32) 22 21 Blake clutch | 6-98 | 20-4 
Stronsay 1908 Ww. 43 x 12 6 | 40 22 | 7-2 25 
| 6-4 29 
Stromness ... 1908 | S.R. | 42 x 11 6 Tylor | 30 18 21 V.RP. 6-65 | 21 
5-86 16 
Fishguard ... 1908 | S.R. | 40 x 10 6 24 194 | 2B M.R.P. | 6-70 2 
5-87 | 14 
Broughty Ferry 1909 Ww. 40x 11 0 ” 40} 2) 22 7-2 34-5 
6-7 28-5 
Donaghadee 1909} W. |43 x 12 Blake [40] 21 | ! | 6-9 | 29-25 
| 6-38 18-75 
Wicklow 1910 | SR. | 40 x 10 6 Tylor 40] 22 22 | ” 7-12 | 36 
6-96 | 31-5 
Seaham 10} w. |38 x 10 0] Wobcky a | | 697 | 33 
6-78 | 2 
St. Abbs 1910 Ww. 38 x 10 0 21 21 | 33-75 
| 6-48 | 24 
St. Davids... 1911 | S.R. | 40 x 10 6 Tylor 40} 22 22 q I.andS. | 7-29 | 34-5 | 
6-73 +26 | 
Tynemouth (new) 1911 | SR. | 40 x 10 6 40} 22 22 | iardner No, — — | 
Campbeltown... 1911 | W. | 43 x 12 6 55) 
Beaumaris ... 1911 Ww. 43.x 12 6 55] 24 23 
Peterhead . 1911 Ww. 43 x 12 6 5h | 24 234 
Clacton-on-Sea .. 1911 w. 45 x 12 6 ma 40] - | 
Newhaven (new) 1911} SR. | 38 x 9 9 35 | No.3} — 
Nore. —Keverse gear: G.R. = Gaine’s reversible propeller. V.R.P. = Villinger’s reversible propeller. M.R.P. = Meissner’s 


reversible propeller. H. and 8. = Hesse and Savory reverse gear. 


Motor-driven Life Boats in British Service. 


years to be towed to windward of a wreck by the famous 
old Board of Trade tug ‘‘Aid,’’ and many exciting inci- 
dents have fallen to her lot. There is now a new “Aid,” 
which is doing equally good service. The draught of a 
tug, however, prevents her from approaching close to a 
wreck on the Sands, so that the lifeboat has to be cast 
off and left to fend for herself just at the critical time, 
when, if she misses the wreck, she may be blown right 
away to leeward and the tug will have to go back and 
search for her and again tow her to windward with a loss 
of much valuable time. Steam in the form of a water- 
tube boiler and an engine with a propeller or a pump for 
jet propulsion has been tried as a means of getting over 
the difficulties of towing, and good service it has rendered 
in the four or five boats of this type which have been built 
since the first one in 1899. Such boats are, however, so 
large and heavy that they have to be kept always afloat, 
80 that they cannot be used on all stations, and it is only 
the advent of the internal combustion engine that has 
made it possible to fit motor power on boats which are 
hauled up and launched off a slipway. 

At the present time there are nineteen boats fitted with 
this form of power in actual service round the British 
coast, of which the table above gives the leading particu- 
lars. 

Hitherto motors by five different makers have been 
tried: Fay and Bowen, Thornycroft, Blake, Tylor, and 
Wolseley, the majority being by Messrs. Tylor & Co., of 


Fig. 2.—Propeller in Tunnel. ke 
King’s Cross. The first four boats, each with a different 
motor, by the first four firms mentioned, were existing 
boats converted to motor power for experimental pur- 
Poses, the powers varying from 11 horse-power to 32 
horse-power, but this power has now been standarized 
and three sizes are recognized by the National Lifeboat 
Institution —34 horse-power, 40 to 50 horse-power and 
58 to 60 horse-power, according to the size of the boat— 
* Reproduced from The Engineer. 


ing to describe or criticize any engine designed for this 
special purpose, or injustice will be done. In order to get 
the latest views on these conditions we obtained from 
Capt. Holmes, the Chief Inspector of Lifeboats of the 
Institution, and Mr. Small, his technical assistant, their 
opinions as to the points which should be embodied 
in a motor suitable for lifeboat service; though when 
we first heard these conditions stated we were inclined 
to consider some of them altogether unnecessary and 
purposeless, we must admit that further knowledge of 
the cireumstanees based upon our examination of the 
Campbelltown lifeboat at the Thames Ironworks, where 
all the hulls are made and the machinery fitted, has 
almost entirely removed our objections on the main 
points, though we still think that some of the minor 
details might well have been left to the discretion of the 
engine builders. That a motor for this or any other pur- 
pose shall possess Capt. Holmes’ first desired attributes 
of reliability, simplicity and strength will be admitted by 
all, and the attainment of the element of fewness of parts 
for the sake of simplicity by limiting the number of ecylin- 
ders in any engine to four is hardly open to criticism. 
Other very right and proper- requirements are: that 
there shall be no aluminium; that the motor shall prove 
its ability to run for twelve hours continuously and with- 
out being touched; that a half-compression arrangement 
shall be fitted to facilitate starting up; that extra large 
water jackets shall be fitted as the engine is completely 
closed in; that the carbureter and magneto shall be 
placed high up on the motor; that the cooling water 
shall not be led into the exhaust, where it might find its 
way back into the valves in case of a capsize; and that a 
water-jacketed silencer shall be fitted. Special condi- 
tions due to the peculiar nature of the service call for 
the ability of the engine to run while the boat is hauled 
up on a slip at a longitudinal angle of 1 in 4—as the 
engines are run for a few minutes two or three times a 
week while the boat is lying at this angle, just to see that 
everything is in order—and the ability to run while the 
boat has a list of 25 degrees either way, or a momentary 
list of 45 degrees, to ensure that the motor shall be able 
to keep running when the boat is under sail as well or 
when it is struck on the beam by a heavy sea. The con- 
ditions also require that an arrangement shall be fitted to 
switch off the ignition if the boat is heeled to an angle of 
60 degrees to 70 degrees, so that if the boat is upset the 
motor shall not continue running when righted and leave 
the crew in the water. This is obtained by means of a 
roller resting in a fork through which the current for the 
ignition has to pass, so adjusted that when the predeter- 
mined angle is reached the roller will leave one side of the 
fork and break the circuit. It is further very necessary 
that a governor shall be fitted to prevent racing, which 


even with the propeller housed in a tunnel and fitted 
some distance from the stern post, is otherwise difficult 
to prevent in service condition. 

Mechanical forced lubrication to the bearings and 
crank pins is, of course, a necessity in order to meet the 
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severe conditions of running when inclined at a fore-and- 
aft angle of 1 in 4 or a list of 25 degrees, though splash 
lubrication is fitted as a standby in case of breakdown of 
the pump system at sea. Pressure feed to the carburet- 
er, with the necessary pressure obtained from a small 
air pump would also seem to be a necessity in order to 
keep the weights low, which is a sine qua non in the self- 
righting boats particularly. The feed does not, however, 
lead direct to the carbureter, but to a small gravity 
receiving tank inside the motor casing, so that a tempor- 
ary failure of pressure would not lead to a stop. 

We are almost inclined, however, to question the wis- 
dom of entirely ruling out dual ignition 
the self-righting boats—for the sake of simplicity; though 
there would certainly be more wires, it would tend to 
increased reliability, and if a man of the type which is 
obtainable to look after these motors can be got to under- 
stand one ignition he should equally well be able to under- 
stand two, while the unsightliness of the double lot of 
wires is entirely hidden away in the casing. Of course, 
an accumulator would be out of the question as one of 
the alternatives, as in the ease of a capsize the acid would 
be spilt and the accumulator rendered useless, but dry 
batteries might very well be substituted for use with a 
coil. We are not surprised to learn that the officials of the 


as is done on 


Fig. 3.—The Fay and Bowen Engine. 
Institution have a preference for the low tension mag- 
neto, as it is more easily understood and less affected by 
damp, but the inclusion of this in the specification neces- 
sitates a departure from standard for very many makers, 
so that the price probably goes up. 

The condition laid down in the specification with which 
at first we chiefly felt inclined to disagree is that the 
valves shall be on opposite sides with a separate cam 
shaft for each set, our objection being that this would 
call for a considerable alteration from standard patterns 
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Fig. 4.—Longitudinal Vertical Section Through the Latest Type of Motor Equipped Life Boat. 


in the case of many makers, so that competition would be 
limited or the price would be increased, for which we 
could see no corresponding advantage. When the motor 
is seen in place, however, the reason for the demand 
becomes obvious. The engine is installed in a pit below 
the level of the deck, so that the mechanie bas to get at 
things from above instead of, as usual, from below, and 
the valve springs, ete., are not very accessible as it is. If 
the valves were all on the same side the inlet piping and 
the water jacketed exhaust piping would together render 
them entirely inaccessible without largely increasing the 
width of the motor casing, which is impracticable, while 
on the opposite side much space would be wasted. 
Hence we cannot see what other decision could be arrived 
at. In addition to this there is somewhat minor advan- 
tage to be gained, in that the weights are better distrib- 
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Fig. 5.—Section at Forward Bulkhead of Motor Com- 
partment. Looking Aft. 


uted on each side if the center line. This is of some im- 
portance, for it is not only the weights of the valves and 
pockets which have to be considered, but that of the big 
water jacketed exhaust box, which alone weighs some 60 
pounds. This is not a question of trim, for that could of 
course hardly be affected, but the addition of a motor has 
greatly complicated the question of self-righting in these 
boats, and great care has to be exercised in the distribu- 
tion of the weights. 

A constantly running gear type of pump is required by 
specification to, keep the_engine_bilgesjdrained, as the 


base of the motor chamber is below the level of the water 
and the self-draining deck. Designed originally to allow 
the engine to run when the boat is hauled up on a slip, 
fresh water cooled by pipes round which sea water circu- 
lates, as shown in the accompanying line-drawings, Figs. 
4, 5, 6 and 7, has now been adopted as standard practice 
for cooling the jackets, so that there is no fear of incrusta- 
tion in the jackets nor of the water inlet being choked by 
weeds or wreckage. Only about 21 gallons are required in 
the supply tanks and coolers for a long run, and arrange- 
ments are made for the admission of sea water in case of 
the exhaustion of this supply. The whole system is, of 
course, drained off in frosty weather. 

Having now sketched the general conditions required 
by the Institution in the construction of the motor and 
its accessories, we will deal briefly with the installation 
and the conditions under which it has to work, bearing in 
mind that at present the motor is only looked upon as an 
auxiliary to the sails and oars. In the first place, it will be 
noted by the drawings of the latest type shown herewith 
that the motor has to be installed in an entirely air-tight 
and water-tight box or pit below the level of the deck, 
which covers a space filled with air tanks; thus it is only 
possible to obtain access to the lower part of the motor 
while in the boat with some difficulty. This pit is entirely 
covered by a pair of strong hinged flaps which are screwed 
down on a rubber joint by a row of thumb screws. The 
coaming on which these flaps rest, which rises some 8 
inches above the deck, can be removed when getting at 
the crank case. It has to be—and, in fact, cheerfully is— 
admitted then that if anything happens to the motor when 
on active service, very little more than adjusting a plug 
ean be done by lifting a flap and protecting the opening 
with a dodger. If the trouble is more than this it is simply 
let alone, masts and sails are raised or oars put out, and 
the best progress possible made under the old conditions. 
We were interested to learn, however, that owing to the 
fact that no less than four filters are fitted in the fuel sys- 
tem, no stop has ever been experienced due to a chokage 
of the ecarbureter. Accessibility in the motor itself is 
then a matter of quite minor importance, as it has any- 
how to be lifted out of the boat before anything in the 
nature of a serious examination or overhaul can be 
attempted, though we were informed that the cylinders 
could be lifted off, but we imagine this would be a trouble- 
some job. The protection of the magneto from damp is 
very thoroughly carried out, and the engines are only 
accepted on the conditions that they shall start up at 
once after the boat has been capsized and righted, when 
in the ordinary way the whole of the motor would have 
been swamped. When this capsize takes place a certain 


amount of gasolene naturally flows out into the bilges till 
the boat is righted again, but as this is all in an inclosed 
space, unless there is a short circuit somewhere in the 
ignition system to cause a spark, there is no danger, and 
it will soon be pumped out by the bilge pump when the 
engine has been got running again. The tanks for the 
main supply of gasolene are fitted in separate copper-lined 
chambers, the filler and gage projecting through a 
thwart, where they are protected by a wooden chock, as 
shown in Fig. 1. In the event of any leakage froin the 
tanks it would only escape into this chamber, whenc« it is 
drained out through a hole in the bottom when the hoatis 
hauled up. Normally both tanks are used together, but 
either can be shut off in the event of any loss of pressure 
in one. 

The ecarbureter is protected from wet in a similar way 
to the ignition; the air is drawn into the motor casing 
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Vig. 6.—Section at Eight Inches Aft of No. 6 Station. 
Looking Forward. 


when in a heavy sea from the big air casing at the end of 
the boat through a special form of valve, which closes 
against the admission of water in case of a capsize. This 
arrangement has the additional advantage of keeping the 
easing well aired and preventing dry rot. There is, how- 
ever, a vent to the motor casing which can be closed bya 
water-tight cover or left open if desired in smooth water. 
The throttle control is led from the engine through a yvland 
in the casing to the reversing wheel, the starting handle 
also passing through a water-tight gland. Thus the 
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Fig. 7.—Plan View of the Motor Equipped Life Boat. 
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engine when once started has to take care of itself‘entirely 
without the least attention. 

Though not directly a motor question, it may here be 
said that the greatest difficulties encountered in the use 
of a power propelled lifeboat are the prevention of racing 


Fig. *.—Thornycroft Engine for Newhaven Boat. 


in the awful seas these boats have to face, and the fouling 
of the propeller by ropes at the wreck or when launching 
from ‘he carriage. Both these difficulties have been 
overco;ne by fitting the propeller a considerable distance 
forwar'| of the stern post and in a tunnel formed round 
the de: lwood—see Fig. 2 and Figs. 4, 5, 6 and 7—which 
has to »e retained in order to help to keep the boat on her 
course in a sea way. The formation of this tunnel is a 
pretty piece of shipwright’s work, and it probably has 
some « ‘fect in decreasing the efficiency of the propeller, 
but an. loss in this direction is amply compensated for by 
the protection it affords. Both reversing blade propellers 
and re. ersing gears of various types have been tried on 
these oats, but we rather gather that the feeling of the 
official of the Institution is in favor of the reversing gear. 


Fig 10.—Fifty-five Horse-power Tylor Engine. 


Access to the propeller, to clear it from weeds, ete., is 
obtained through a water-tight removable hatch, shown 
vaised in Fig. 2. 

Having now made clear the conditions which are re- 
quired in a motor for lifeboat work, by those responsible 
and by the nature of the services, we are free to describe 
and criticize the motors which have already been fitted, 
from a fresh standpoint, unfettered by the usual conditions 
which apply to marine work, though we can hardly eriti- 
cize the earlier makes at all. 

The Fay and Bowen, or, as it is now called, the 
Mitcham motor, is the only two-cycle engine that has 
been tried by the Institution, and this was fitted as long 
ago as 1904 in one of the experimental boats which is 
still ‘doing good work at Tynemouth. With two cylin- 
ders, 5'4 inches by 5% inches, the power then devel- 
oped was 11 at 460 revolutions per minute, but we are 
informed that an engine with the same size of cylinder 
is now capable of giving 16 horse-power at the same 
speed. The engine is of the well-known type with crank 
tase compression, mixture valve carburation, and low- 
tension magneto (see Fig. 3). The driving gear for the 
low-tension ignition plug is entirely covered_in, and we 
have nv doubt that it was this feature which first prin- 
tipally attracted the attention of the Institution to this 
motor. At the time these earlier engines were fitted it 
Was, of course, impossible for the Institution to lay down 
any special conditions, so that the ordinary standard 
engine was accepted, and it is from the experience gained 
with this and the other earlier engines that the present- 
day sp-ifieation has been drawn up. 

The Thornycroft engine fitted to the Newhaven self- 
tightins boat in 1907 was also made before the days of 
the pre ont strict specification, and was largely of stand- 
ard de: ign, except for the low-tension magneto. The 
tequire:| 24 horse-power was given at 1,000 revolutions 
her minute with eylinders 44 inches diameter by 5 
inthes <troke; no arrangement for access to the crank 
‘ase wis provided, though with the magneto and water 
bimp driven by gears along the front of the engine the 
valve <prings are still left accessible. As the engine 
thown in Fig. 8 is of a somewhat old pattern and well 
known, nothing further need be said. 

The Blake motor was fitted again to one of the four 
&periniental boats in 1906, and had high-tension mag- 
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neto ignition, with a large diameter clutzh with a motor 
car type of reversing gear, as shown in the illustration, 
Fig. 9. The engine has ail along been designed for purely 
marine purposes, and has quite good doors in the crank 
case, in spite of the two cam shafts which are carried in 
special little cases cast on the crank chamber, which is all 
in one piece with end disks bolted on to allow the crank 
shaft to be put in from the ends. The 32 horse-power is 
obtained at the reasonable speed of only 550 revolutions 
per minute. There are points, such as the exposed gear 
wheels for the pump, which are not present-day prac- 
tice, but this particular engine is now, of course, largely 
of historical interest. 

The Tylor engine, of which twelve have now been 
fitted in the various boats, is shown in Figs. 10 and 11. 
Fig. 10 shows the inlet side of the 55 horse-power engine; 
Fig. 11 shows the 40 horse-power. As the larger engine 
embodies the latest views of the builders, we will confine 
our remarks to that alone, and in so doing we will not 
dwell upon the general features which have been com- 
mented upon above, but will merely draw attention to 
special details which would appear to be of interest. It 
will be noticed that the big doors, which extend the 
whole length of the crank case on each side, are very 
accessible, one being quite clear of obstructions, a point 
which is lacking in the smaller engine, while the other 
door only requires the removal of the lubricating oil 
pump driving gear, which is easily effected by the sliding 
engagement on the shaft. When this door is taken off, 
the cam shaft can be removed through the opening, and 
the connecting-rod brasses then adjusted. The pistons 
are only accessible by taking down the cylinders, which 
means the removal of a good deal of gear; but, as we have 
pointed out, this is not very material. It should be noted 
that the setting of the valves on opposite sides allows the 
low-tension ignition plug to be placed in the side of the 
valve chamber, which leads to a simpler arrangement of 
the trip rods than when the plugs are on the top. The 
advance and retardation of the spark is obtained as 
usual, with low-tension ignition, by moving the trip gear 
rollers to and fro across the center of the eam, but this is 
not used in practice on the lifeboats. It will be noticed 
that the magneto is inclosed in a water-tight case— 
almost a redundancy we should have thought, in view of 
the water-tight casing which encloses the whole motor. 
No wires are, however, used, strips of brass being em- 
ployed instead, which makes a much neater looking 
arrangement, while the current is of such low intensity 
that there is no fear of the spark jumping as long as there 
is some clearance. The arrangement of the drive for the 
magneto and water pump across the front end of the 
engine by spiral gearing on the end of the cam shaft is 
much better than in the 40 horse-power engine, and 
keeps these parts well clear of the doors, valve springs, 
ete. 

The actual size of the cylinders is 65-inch bore by 
74-inch stroke, and 72 brake horse-power has been 
obtained at 700 revolutions per minute, a good margin 
over the specified 55. The crank case is made of a 
special ‘“‘Rolyt’’ bronze, which has a tensile strength 
of 14 tons per square inch, but the crank shaft bearings 
are in the top half, a point on which we have com- 
mented in a previous article. The carbureter, in addi- 
tion to the lubrication, is arranged to work at the 
unusual angles mentioned above; the air pump for 
the supply of pressure to the fuel is seen at the after 
end of the engine in Fig. 10. 

It will be noted that the governor acts on a throttle 
of its own entirely independent of the ordinary hand 
throttle, so that it is the governor and not the man 
that gives the word when at sea. In this engine the 
bilge pump is driven by friction off the fly-wheel; the 
water-cooled exhaust box is of welded steel, and not 
east iron. The lubricating pump supplies oil after 
passing through a water cooler in the base of the crank 
ease to all the main bearings and the big ends, and 
also to the cam shaft bearings. The water connections 
are interesting, the water being admitted to one cylinder 
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and reaching the next through the brass bridge piece 
on the top of the cylinders, which ean be seen in the 
illustration of the 40 horse-power motor (Fig. 11) and 
so on to the others. As the incoming water is first 
warmed by being passed through the jacket of the 


Fig. 9.—The Blake Motor. 

exhaust piping, the temperature head between the 
first and last cylinders is reduced, and the actual dif- 
ference in temperature between the two cylinders is 
not found to be sufficient to cause trouble or loss of 
efficiency. The motor has every appearance of being 
thoroughly well made and very strong, even perhaps 
rather on the heavy side, which should make it capable 
of standing any amount of rough usage. 

The Wolseley engine, the fifth type of engine hitherto 
tried by the Institution, shown in Fig. 12, has cylinders 
5 inches by 619 inches, and was specified to give 34 
brake horse-power at 700 revolutions per minute, 
though we understand that this was considerably ex- 
ceeded on the bench Owing to the fact that 
the engine was built to the same general specification 


tests. 


Fig. 11.—Forty Horse-power Tylor Engine. 

as that of the Tylor, great differences are not to be 
noted, and many of the remarks made with regard 
to that engine will apply equally to the Wolseley. 
We note that the thicknesses of the cylinder walls 
and jackets are given in the specification, and these 
thicknesses appear to us to be greater than is the ordinary 
practice of the Wolseley Company, which has probably 
resulted in some increase in weight, which, we believe, 
is actually something over 1,700 pounds. The cylinders 
are fitted with drains at the bottom of the jacket lead- 
ing to a pipe, which has a cock at each end, so that the 
jackets can be emptied whichever way the boat happens 
to be lying on the slip. In this case the crank case 
is of cast iron and the crank shaft of chrome steel, 
the area of any pair of crank shaft journals being speci- 
fied as not less than S81 per cent of the area of the piston. 
We note that in this case—a Watson, that is, a non- 
self-righting type of boat—dual ignition is actually 
specified, a coil and accumulator for starting up and 
a Bosch high-tension magneto for running, a point 
on which we commented in dealing with the general 
conditions at the beginning of this article. 
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1z2.—-The Wolseley Thirty-four 
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Acclimatization 
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Can the White Races Become Permanent Populations in the Tropics ? 


Tue prob’em of human acclimatization comes up 
most frequently in connection with white races moving 
into the tropies, and the question which usually presents 
itself when acclimatization is mentioned is: Can white 
races become successfully acclimatized in the tropics? 
This question has more than mere physio’ ogical or medi- 
cal importance, because it has to do so closely with the 
subject of colonization. In these days, when the older 
nations are ooking for ands into which they can pour 
their surplus populations, it can easily be seen what 
a benefit it would be to all, if the above question could 
be answered in the affirmative. 

It appears, however, that those very races which most 
need new colonies are the ones least fitted for life in 
the tropics. The Teutonic race and especially the 
Anglo-Saxon branch of it, is the one which most needs 
the new lands to expand into, and at the same time 
it is the one whose people are least immune to tropical 
diseases. Now, more than ever before, Europe is becom- 
ing crowded, and with America shutting her gates to 
foreigners, it is necessary for Europe to pick other 
places for her overflow. The tropies seem to present 
the only solution; but if it is found that white races 
cannot live there, the question still remains. 

Let us now consider the facts in the case, as they 
‘are known to-day. First, what are the effects of a tropi- 
cal climate upon the human body and its functions? 
William Z. Ripley' says that the respiration becomes 
more rapid, for a time, although it soon tends toward 
the normal; the pulse beats more quickly; the appe- 
tite is stimulated, but the action of the climate on the 
digestive organs js such that the individual, as a rule, 
becomes thinner The liver tends to increase in size, 
which is perhaps the cause of a certain sallowness of 
skin. A very important change, which has not perhaps 
been fully investigated as yet, is a temporary rise of 
temperature, which often lasts for some time after the 
individual leaves the tropics. He concludes that this 
rise varies from 0.3 degrees to 0.5 degrees. Ellen C. 
Semple, in her recent masterful work on geographic 
environment, states? that a tropical climate produces: 
“certain derangements in the physiological functions 
of the heart, liver, kidneys, and organs of reproduction. 
Bodily temperature rises, while susceptibility to disease 
and rate of mortality show an increase ominous for white 
colonization. The general effect is intense enervation; 
this starts a craving for stimulants and induces habits 
of alcoholism which are accountable for many bodily 
ills usually attributed to direct climatic influences. 
Transfer to the tropics tends to relax the mental and 
moral fiber, induces indolence, self-indulgences and 
various excesses which lower the physical tone. The 
social control of public opinion in the new environment 
is weak, while temptation, due to both climatic and 
social causes, is peculiarly strong. The presence of 
an inferior, more or less servile native population, 
relaxes both conscience and physical energy just when 
both need a tonic. The result is general enervation, 
deterioration both as economic and political agents.” 

The physical elements of climate, ranged in the order 
of their importance, are humidity, heat, and lack of 
variety... When heat alone is considered, it does not 
seriously affect the human organism except when unduly 
extended. In this connection, Prof. Keller says: 

“The monotony of the unvaried heat works further 
upon the nervous system, tempting to excesses in general, 
and in particular to the use of stimulants. . . . It 
is not so much the degree of heat that debilitates; 
rather is it the endless persistence of a temperature 
often far exceeded by that of the temperate-zone sum- 
mer.” 

Moreover, in the tropics, as in any other parts of the 
world, humidity adds to the diseomfitures of heat. 
All authorities agree, therefore, that the regions where 
acclimatization is most difficult are to be found in the 
areas of excessive humidity, or roughly, where there 
is a maximum rainfall. In Cochin China the mortality 
of soldiers is almost double that in Tunis; and that 
is a good measure of the difference between a mere torrid 
climate and one which is very humid as well as hot, 
for humidity means that malaria is added to all the 
other difficulties inherent in climate alone. Humidity 
is more fatal in the tropics because there moisture 
and heat go together, while in the temperate zones 
the rainfall is heaviest in the cooler seasons. 

Within the last few years, it has been very ably demon- 
strated by Major Charles E. Woodruff, a surgeon in 
the United States Army, that light, as well as heat and 


1“ The Races of Europe,”’ pp. 574-575. 

2 “ Influences of Geographic Environment,"’ 1911, pp. 626-627. 
' Ripley: ‘‘The Races of Europe,"’ p. 571. 

Physical and Commercial Geography," 1910, pp. 136-137. 


By Raymond B. Bowen 


humidity, has harmful effects upon the white man 
going to the tropics.’ He says that this factor must 
certainly be taken into account when rules for the white 
man’s health in the tropics, are cbmpiled. I will say 
more of this below. 

Huggard, in his article on acclimatization, emphasizes 
the importance of the age factor when people are at- 
tempting to accustom themselves to a new climate. 
When white children are taken to the tropics they do 
not stand the change well. If they are brought up 
from birth there, they are usually delicate; and in a 
majority of cases they die young. Old people likewise 
suffer from, extremes, but they tolerate heat a little 
better than children do. Their own heat-producing 
power being on the decline, cold is a strong depressant, 
while warmth within reasonable limits is a mild stimulant. 
It often happens that the first generation going to the 
tropics may live; but its posterity does not fare well. 
This is the crucial point of the whole matter. 

So far, I have considered the effects of a tropical 
climate on the individual alone; but if a people are 
to become acclimatized in a new country we must 
consider the whole race, and that involves fertility and 
successful reproduction. For, however well the individual 
may be enabled, by artificial means or otherwise, to 
exist, the race will never accommodate itself permanently 
unless the birth rate exceeds the death rate. At this 
point, therefore, let us enumerate the precautions 
that must be taken to insure the life of a white race 
moving into the tropies; and then we will proceed to 
a discussion as to whether true acclimatization is possible 
or not. 

First, a change of residence in itself always tends 
to upset the regular habits of the soldier or colonist. 
Those who have led temperate lives in the cooler zone 
are apt to become heavy drinkers in the tropics. So 
well known is this fact that military authorities of all 
nationalities who have troops stationed n the tropics 
place special restrictions on the use of alcoholic drinks. 
The Portuguese and Spanish races, predisposed to the 
use of light wines and ready even to give up the habit 
if need be, suffer from the disorders incident to aleoholism 
far less than do the English and kindred races. On 
the other hand, some writers aver that a moderate 
amount of alcoholic stimulant undoubtedly has a bene- 
ficient action.* Clarke even asserts that light wine is 
an indispensable part of a hygienic diet; but the abuse 
of the drinking habit is a factor in the comparative 
immunities of all races in the tropics. Nor must the 
fact be overlooked that alcoholism and sexual immorality 
go hand in hand. 

The subject of acclimatization is complicated by 
the controls exercised by race, diet, occupations, habits 
of life, and the like. During the adjustment of white 
races to the tropics, there is more or less strain on various 
parts of the body. Care must be taken against too violent 
exercise; yet some writers advise gentle and regular 
calisthenics as most advisable.’ Major Woodruff, on 
the other hand, advises against regular muscular train- 
ing, because it produces simply a parasite absorbing 
nutriment, and is likely to cause a dilated heart. He 
adds: 

“IT am much opposed to any calisthenics and outdoor 
sports which are indulged in for the sole purpose of 
increasing the muscularity. Athletic contests should 
be abolished in the tropics.” 

The ultimate conclusion that one arrives at, after 
considering all authorities on the subject, is that a small 
amount of gentle exercise is beneficial, while over- 
exe tion of any sort is to be closely guarded against. 
The adjustment of white races is usually hindered by 
persistence in habits of food, drink, and general mode 
of life which, however, well-suited to the home climate, 
do not fit tropical conditions. During this adjustment, 
the body is naturally sensitive to the new diseases to 
which it is exposed. There are anemic tendencies and 
other degenerative changes. White men cannot do hard 
manual labor under a tropical sun, but they may enjoy 
fair health as overseers, or at indoor work, if they take 
reasonable precautions. Further, all authorities on 
acclimatization insist upon the precaution of forbidding 
colonists and soldiers in the tropics to engage in agri- 
cultural labor. 

One of the deadly diseases common to the white race 
in the tropics is consumption. Where barbarous races 
are concerned, their predisposition for this disease 
often varies inversely with the degree of civilization 
they have attained. Europeans in their liability to 


®* “Effects of Tropical Light on White Men,” pp. 321-253. 

* Ripley: “ Races of Europe,” p. 562. 

7 Ibid., p. 563. 

* Major Charles E. Woodruff: ‘‘ The Effects of Tropical Light 


on White Men,” p. 346. 


consumption stand halfway between the Mongol and 
the Negro, and this is another reason why it is dangerous 
for them to go to the tropies, for it is well known that 
a tropical climate is fatal to all persons having consump- 
tive tendencies. In fact, they have practically only 
one way of living there with any degree of safety whiat- 
ever, and that is, they must live in well-selected hill 
stations. 

Manson is authority for the statement that the 
longer a white man resides in the tropics, the more he 
is subject to certain diseases, hough he thinks there 
is an acquired immunity to typhoid and heat-stroke, 
the latter being due to greater knowledge and care.® 
As a matter of fact, it has been shown by Firket, Criik- 
shank and many others that prolonged residence in the 
tropics does not increase immunity but actually increases 
our susceptibility, especially in the cases of malaria 
and dysentery. Therefore, the practical rules for id- 
ing disease and destruction of health are merely met}iods 
of hiding from the known dangers or warding them off. 
And the best way to keep mortality down is to send 
the sick home. 

In concluding our discussion of the remedies for 
and preventives of, the injurious influences of a tropic 
climate, we shall take up the subject of light, as worked 
out by Major Woodruff in the Philippines. This sur- 
geon, as a result of his observations,'® has presented 
a number of rules which are extremely useful. Clothing 
he rightly asserts should be opaque. The United 
States soldiers have found the ordinary blue flannel 
shirt best, as it does not transmit the shorter light 
waves. It excludes them by “stepping them down” 
to heat rays, but does not transmit heat as a thin yar- 
ment does. White outer clothing freely transmits 
the ray of the sun, thus creating nervous and skin 
diseases, but if it is used to cover opaque underclothiing, 
the combination is advantageous. ‘A black negro dressed 
in white is about as happy and as contented a being as 
we have in the Philippines.”” The tendency is to wear 
clothing which protects against light even less thian 
do our clothes in the temperate zones; that is of course 
detrimental. For evenings, opacity and reflection of 
heat are immaterial. Black is best, as it imitates noc- 
turnal animals by keeping in the body heat. At night, 
moreover, black clothes are actually cooler than white 
garments of equal weight. 

For indoor workers in the tropies, black or dark 
blue are the coolest colors. Even the Manila police- 
men have found blue clothes more comfortable where 
they have an opportunity to stand in the shade. The 
contrast between being in the shade or in the sunlight 
is of course the turning point of the whole matter. 
Even with the best of protection one should avoid as 
much as possible the direct rays of the sun between 8 
A. M. and 4 P. M. 

There is a familiar rule in regard to the head and 
stomach; the former should be kept cool, and the latter, 
warm. Opaque headgear, with a wide brim and tin- 
foil lining, is a very essential protection against the 
direct rays. The hair should not be cut short; this, 
of course, implies the risk that bald men take whert 
they attempt to live in the tropics. American and 
European women, too, subject themselves to great 
danger by insisting upon going without hats. ‘This 
should never be permitted, and it is always best, where 
possible, to carry an umbrella. 

As to dwellings and buildings of all kinds, it is enough 
to say that they should be kept dark, as far as possible. 
So far as I have been able to ascertain, only one person 
advocates sunlight in tropical houses, and that was 
to keep out dampness. Large verandas with roofs com- 
ing well down toward the ground, are advisable; and 
house, veranda and all should be raised several feet 
from the ground. Woodruff says that there is not 4 
residence house in the Philippine Island which is fit 
for a blond man to live in, and he challenges contra- 
diction.'"_ Barracks, public buildings, hospitals —all 
should be dark inside as well as out. 

People employed in offices should not be required to 
work more than four and a half hours a day, an! the 
best time for this work is between 7 and 11:30 \. M. 
Otherwise. energies are wasted, the brain becomes 
inactive and more is lost than is gained. A midday 
siesta is advisable for civilians and soldiers alike. 50 
universal is the lack of memory, that all indivi uals 
required to take examinations should be subjected to 
them before they go to the tropics, or else, being ‘here 
they should be sent home to take them, whenever this 
is possible. 

Americans in the Philippines lose energy, strength. 


* Manson: Tropical Diseases.” 
1° “ Effects of Tropical Light on White Men,”’ p. 123. 
Idid., p. 328. 
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ambition and notice trivial complaints to which they 
would give no thought at home. Few men in their 
third year of continuous service are in their normal 
healthy condition. This statement is confirmed unani- 
mously by all authorities in the Philippines and on 
account of its truth, a two-year tour of duty is recom- 
mended for the military. 

Malaria takes effect in the heat of the tropics when 
it would be comparatively harmless in temperate 
zones. For this reason, it is pure murder to set white 
soldiers at work on roads there. It was imperative 
that we make some roads in the Philippines, but they 
are without doubt the most expensive ones in our 
history. 

Major Woodruff quotes Dr. Charles F. Harford as 
saying in a recent number of Climate: 

“Individuals going to the tropics should be free from 
lowel disorder, liver trouble, constipation, diarrhoea, 
or indigestion in any form, seeing that not only are 
howel complaints exceedingly common, but malarial 
ever itself affects chiefly the organs of digestion.” 

So dangerous is this disease in the tropics that often 
riminals even have to be sent home for imprisonment. 

Physicians now unite almost without exception in 
opposing the old doctrine that we should eat very 
lightly of animal foods in the tropics. They call this 
clief pernicious, as it is now known that natives are 
iffering from nitrogen starvation; we should not imi- 
tate these natives n this respect any more than we 
sould imitate their filthy habits. 

Having now become sufficiently familiar with the 
Jangers to which white men are subject@ in the tropics, 

e shall take up the controversy as to the possibility 
true acclimatization there. Alfred Russell Wallace 
ivors the true acclimatization theory, either as it 
ivolves temperate zone races moving into temperate 
v frigid zones." He cites several cases to prove the 
rmer instance. The Jews, for example, are a good 
ilustration of acclimatization as they have been estab- 
| shed for many centuries in climates very different 
from that of their native land. They keep themselves 
holly free from intermixture with the people around 
em, and are often so populous as to arouse an anti- 
emitie feeling. Again in some of the hottest parts of 
south America, Europeans are acclimatized perfectly, 
nd where the race is kept pure it is even said to be 
improved. For instance, there is a race of people of 
Spanish extraction who have been living for several 
conturies in the province of Guayaquil, on the western 
coast of South America. The white inhabitants of that 
section are kept so pure by careful selection that even 
the slightest tineture of red or black blood bars entry 
into any of the old Spanish families. As a consequence 
of this careful breeding, the women of Guayaquil are 
justly considered the finest along the whole Pacific 
coast. This, and the fact that they are very prolific, 
is significant in that it shows plainly, the possibility 
of white men’s living in the tropics and perpetuating 
their race. Another instance which is mentioned is 
that of the oldest Christian town in Peru—Piura 
where the climate is very hot, the temperature rarely 
falling below 83 deg. Fahr. Yet it is said that people 
of all countries find the climate healthy there, and the 
whites have no difficulty in raising good-sized families. 
And not only are a considerable proportion of the 
population white, but most of them are descended from 
the first immigrants after the Spanish conquest. This 
case again demonstrates the complete acclimatization 
of Spaniards in one of the hottest parts of South America. 

Wallace here admits that many eminent writers have 
denied this. I shall cite some of these below, in the 
arguments against complete acclimatization. 

In an article which appeared in the American An- 
thropologist’™ for 1902, J. Elbert Cutler handles the 
subjeet from a new point of view. Using Dr. L. W. 
Sambon"™ as his authority, he points out the absurdity, 
as he styles it, of many opinions hitherto held in regard 
to aeclimatization in the tropics. He asserts that 
anemia—one of the diseases common to the tropies— 
is never caused by heat, as the influence of high tempera- 
ture causes no change ip the proportion of red corpuscles 
in the blood. He states, moreover, that through bacteri- 
ology the parasitic nature of malaria and hepatitis, 
as well as anemia, has now become recognized. 

Continuing, the important points of his treatise are 
the following: Instead of classing heat exhaustion and 
thermie fever together under the head of sunstroke, he 
s-parates them, calling the former syncope, and the latter 
sirasis, an infectious disease. Sirasis cannot be due speci- 
fically to heat, for the simple reason that our temperate 
zone workmen employed in turkish baths, mines, and 
other hot localities, any of which is hotter than the aver- 
age temperature of the tropics, do not suffer from it. 

“It is an interesting fact that the heatstroke, generally 
s» much feared in the tropics, is practically unknown 
here; men often drop out on the march overcome by 


*“ Eneyclopewdia Britannica, 11th, ed., vol. i., p. 118. 
American Anthrop,”’ §4, pp. 421-440. 
‘ Geographical Journal, 1898, vol. «ii., p. 589. 


heat, but fatal stroke and last heat exhaustion are very 
rare.”"® 

The foregoing statement was made by Col. Charles R. 
Greenleaf, Chief Surgeon, Division of the Philippines. 
Dr. Patrick Manson says that heat and moisture are not 
in themselves the direct cause of any tropical disease." 
Ninety-nine per cent of these diseases are zymotic and 
are caused by germs requiring a tropical habitat. Grant- 
ing this to be true, then it is as possible to combat the 
microbe in the tropics as in the temperate zones, by sani- 
tation and hygienic precautions. 

Cutler now takes up the questions of sterility and de- 
generation. It has been said that the white race be- 
comes sterile after three generations in the tropics, or if 
not that absolutely, it degenerates into an inferior one. 
On these points we have conflicting testimony. As to 
the latter, Sir William Moore says that he has found 
tropically-raised children’s physique much inferior to that 
of children raised in England. Dr. Sambon, on the con- 
trary, states that thirty years ago Sir Joseph Fayer con- 
clusively proved that under proper management, chil- 
dren could thrive in India as well as in England. As re- 
gards sterility, Ripley concludes that it can neither be 
affirmed nor denied, from utter lack of evidence.” Prof. 
B. J. Stokvis (Amsterdam) is more sure of himself, 
saying that in the Dutch West India Colonies pedigrees 
are to be had of true European families, persisting for 
almost three centuries without introducing a drop of 
native blood.'® Clements R. Markham, Dr. Sambon, 
Gen. James H. Wilson, and others all give statements 
based on their own observations opposing the sterility 
theory. 

Ethnic intermarriage between white races and natives 
is continually being advocated by some writers as a 
means of acclimatization. In the strict sense of the word 


it is not acclimatization at all, and the colonies which - 


have succeeded best in the tropics have done entirely with- 
out it. Moreover, the Portuguese who intermarried with 
native women in India have been almost entirely ab- 
sorbed. This has been due perhaps to the fact that a 
cross between two races is too often apt to be a weakling, 
sharing in the tendencies of both parents toward disease, 
and enjoying but imperfectly their different immunities. 
All agree that a cross is unfavorable to fertility. 

“On the whole,” says Mr. Wallace,'® ‘‘we seem justified 
in coneluding that under favorable conditions and with 
proper adaptation of means to end in view, man may be- 
come acelimatized with at least as much certainty and 
rapidity (counting generations rather than years) as any 
of the lower animals.’’ Dr. Sambon, too, recognizes the 
difficulties attending acclimatization; but he thinks that 
it is within the power of modern science to remove an 
important section of these difficulties. By classifying 
heat and disease as two different factors, instead of con- 
sidering one the cause of the other, he hopes to overcome 
tropical difficulties with hygienic measures, and not by 
adaptation. Then, in conclusion, Cutler confidently 
remarks: “It hardly seems reasonable to dispute any 
longer the possibility of tropical acclimatization.” 

If we are to accept his decision as final, there is no more 
room for dispute; but he has too many points of weak- 
ness, and there are too many excellent authorities who 
hold the opposite view to his, for us to accept his opinion 
that tropical acclimatization is possible. In the first 
place, he bases his assert‘ons in too isolated cases. Fur- 
thermore, even if the disease theory of Dr. Sambon is cor- 
rect, its successful establishment will bring about only a 
state of artificial acclimatization. Cutler himself admits 
“that artificial adaptation to new climatic conditions is 
not real acclimatization; but,’’ he continues, “it aids ma- 
terially in bringing about that result.” How is that re- 
sult, remote in any case, ever to be attained, since its very 
existence depends upon the constant maintenance of san- 
itary conditions which may at any time be overthrown by 
the ageney of war, changes in the ownership of land and 
other means? Cutler has found the former death-rate of 
European troops in the tropics to be 129 in every 1,000. 
It is now as low as 12 per 1,000 in India. In Trinidad 
and Barbadoes sickness and mortality among European 
soldiers is actually less than at home. These facts are 
encouraging, but again, they indicate only a state of arti- 
ficial acclimation supported by sanitation. 

I shall now draw upon a few of the authorities—and 
there are scores of them—who, while they admit the pos- 
sibility and existence of artificial acclimatization, stead- 
fastly oppose the true acclimatization theory. Major 
Woodruff’s testimony completely refutes most of Wal- 
lace’s opinions. He says it is a grave error to suppose 
that white men can ever become acclimatized in the 
tropics. 

“These errors follow from the old idea that, as man was 
found in every part of the earth which could supply him 
food, and as he had traveled into every land and sea, it 
was possible to become acclimated.’’?° 


'° “ Report of the Surgeon-General of the United States Army,” 
1901, p. 132. 

'© British Medical Journal, 1898, vol. i., p. 1168. 

“ Races of Europe,’ p. 580. 

'* “ Report of the Seventh International Congress of Hygiene 
and Demography," 1891, vol. x., p. 185. 

Encyclopedia Britannica,"’ 9th ed., vol. i. p. 90. 

2° “ Effects of Tropical Light on White Men,”’ p. 321. 
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Every living thing must remain in its own zone to sur- 
vive permanently, and if it is taken out of its zone it must 
be surrounded by artificial conditions which approximate 
its natural environment or must hide from the dangers 
against which it has no natural defense. Sanitarians are 
gradually discovering the causes of the dreadful mortality 
of white men in the tropics, and are improving conditions 
so greatly that in some parts, they can live almost as 
safely as at home. Nevertheless, there is more or less 
destruction of health even where people do manage to 
dodge the infections. ~ 

“With regard to statements now and then made in 
medical literature that a tropical climate per se is harm- 
less to white men, who ean live there for an indefinite 
period and enjoy good health, we can only say that such 
writers are wholly mistaken and will change their views 
after they learn a little'more of biology and the facts in 
the case.’"?! 

And Ripley aptly says: 

“To urge the emigration of women, children, or of any 
save those in the most robust health to the tropics may 
not be murder in the first degree, but it should be classed, 
to put it mildly, as incitement to it.’’* 

He adds that it is the height of folly to expect man to 
compass in a single generation what Nature takes an age 
to perform, 

Another strong argument against permanent acclima- 
tization is afforded us by history. It may be summed up 
in the well known ethnic law that “intrusive conquest or 
colonization has left little or no trace,”’ and is borne out 
by the failure of the Romans’ attempt to colonize north- 
ern Africa. Rome's work there was wiped out by clima- 
tie difficulties. Following the Romans came the Van- 
dals; but they disappeared in the same way. Italy, 
France and Spain were all once conquered and occupied 
by Teutonic tribes; but the nations that dwell in these 
countries to-day are still of Latin origin. Thus, the na- 
tions from Southern Europe did not thrive in Africa; 
those of Northern and Mid-Europe did not thrive in the 

South; and the tribes of the far North even have diffi- 
culty in Sweden and do not flourish there. 

Some recent writers are even more conservative than 
those who wrote twenty or thirty vears ago. Prof. Kel- 
ler states that:!  “*In general, it is only through the exer- 
cise of the utmost caution and through the utilization of 
every means of artificial assistance that even a moderate 
settlement of whites in hot regions is possible.”’ As time 
advances, it is always necessary to draw upon the latest 
resources of modern science in the limitation of natural 
selection, in order to maintain the life of the individual 
and the society in tropical lands. “If this is done, the 
individuals and the race may be to a certain degree and in 
a certain sense, acclimatized. A sojourn of some years 
may be managed at an endurable cost.” Another au- 
thority who is a competent surgeon and has lived much in 
the tropies, reckons seven years to be the central Euro- 
pean’s limit of endurance of the equatorial climate, even 
though he be a strong man living in an island region.** It 
is indeed unfortunate that the very condition necessary 
for agricultural success in tropical regions—continuous 
labor—is fatal to white men. For this reason they have 
always been compelled to depend upon a native labor 
force in tropical cultivation, the chief products of which 
are cotton, sugar, and coffee. 

Ward is most emphatic in his statement :*’ 

“Acclimatization in the full sense of having white men 
and women living for successive generations in the tropics, 
and reproducing their kind without physical, mental, and 
moral degeneration, that is, colonization in the true 
sense is impossible.”’ 

Authorities who agree with the belief might be multi- 
plied indefinitely. Ripley?* enumerates a good many of 
them; but it is not necessary to include their testimony, 
for we have already learned enough about the subject to 
realize the irrefutable truth of their view. 

In closing, a glance into the future may not be out of 
place. Granting that true acclimatization can never be 
attained, then the mastery of the rich tropical lands of 
the world will go to those races which accomplish the 
most perfect state of artificial acclimatization. 

“This means that the conquering white race of the tem- 
perate zone is to be excluded by adverse climatic condi- 
tions from the productive but undeveloped tropics, unless 
it consists of hybridization, like the Spainards and Portu- 
guese of tropical America. In that national struggle for 
existence which is a struggle for space, it means an added 
advantage for the Mediterranean peoples, that they are 
more tolerant of a torrid climate than the blond Teutons, 
whose disability in this regard is pronounced; it means 
that the aptitude of the Chinese for a wide range of cli- 
matie accommodation, from the Arctic circle to the 
equator, lends color to the ‘yellow peril.’ 
Ibid, p. 323. : 

22 The Races of Europe,” p. 586. 
23 Huggard, pp. 167-170. 
Physical and Commercial Geography,’ 1910, p 136. 
2° Thid, p. 137. 
2° Hagen: ‘‘ Unter den Papua’s"’ (Wiesbaden, 1899), p. 20. 
Olimate,"’ 1908, p. 204. 
* “The Races of Europe,"’ p. 585. 
2” Ellen C. Semple: “ Influence of Geographic Environment,’” 
p. 628. 
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Ir is strange that the Germans, in spite of their un- 
doubted colonizing capacities, should have achieved so 
little in the way of actual colonization. German immi- 
grants have, it is true, for centuries past, in this part of 
the world and elsewhere, done pioneer work in opening 
up new countries, and sowing on their way the seed of 
civilization. But this task has been achieved by in- 
dividuals destined ultimately to become merged with 
the nation forming the bulk of the population, so that 
no material benefit was reaped by the mother country, 
which ‘on the contrary had to sustain a serious loss, being 
drained of some of her most valuabie elements. 

Now that the stream of emigration has for some time 
been practically at a standstill, it is being realized more 
and more, what advantages could be derived from a well- 
controlled colonization movement. While England has 
given birth to a number of thriving commonwealths, re- 
producing in rejuvenated form the civilization of the 
country and bringing well-nigh half of the world under 
Anglo-Saxon rule; while France is fast creating a colonial 
empire of enormous value, and other nations are in a 
smaller way seeking an outlet for their surplus popula- 
tions, together with new markets beyond the seas, Ger- 
many has long stood aloof from this struggle for colonial 
supremacy, contenting herself with a few colonies in a 
sadly rudimentary state of economic development and 
governed in a narrow bureaucratic spirit. Nay, until 
recent times there has even been much prejudice among 
the stay-at-home elements of the nation against the 
young man preferring the strenuous life of the pioneer 
in new lands to a quiet existence in the old country. 

Nor had there been until quite recently any special 
training for German Government officials wishing to 
enter colonial service, the Colonial Department being 
content with picking out from each special administra- 
tive branch of the Empire and the Federate States, those 
who on account of their general capacities and their taste 
for colonial life seemed to offer the best guarantees for 
efficient work. Jurists having passed their second Gov- 
ernment examination, officers, physicians, custom-house 
officers, and in some special cases, State foresters, would 
thus be appointed for colonial service. Even at the pres- 
ent day, in that land of “‘red-tape”’ there is no question of 
appointing for any higher posts those having remained 
outside the pale of officialdom. Though a staff of officials 
appointed on these principles was bound to bear the 
stamp of bureaucratism and militarism, it cannot be 


Students at Work in the Hay Fields, 


denied that from its ranks there rose many able men wh 
did most creditable work for the German colonics, 

As it is, the Government some years ago started on, 
somewhat different policy, by organizing a special trajp. 
ing course for candidates for the colonial service. They 
were prepared for their future duties by a mos! compre. 
hensive curriculum, comprising a long series of speci 
studies and practical apprenticeship at a number of de 
partments, alternately at home and in the colonies, which 
was concluded by at least one year’s stay at the Berliy 
Seminary for Oriental languages. However, tliis care 
which in spite of the high demands made on candidates MM gxten 
and seven years of comprehensive instruction, did not 
even lead to any higher positions, failed to mee! the fay 
its promotors had anticipated. 

In order at last to put an end to this unsatisfactory 
state of things, and in view of the ever-increasing crowd. 
ing in many of the ordinary walks of life, a number ¢ 
noble-minded men some years ago decided on founding 
a Hochschule where young men chosen from the best 
elements of the nation, especially sons of landed pro. 
prietors, officials, business men, physicians, officers, ete, 
might be educated for efficient colonial work. This jx 
how the German Colonial Academy at Witz: nhausep 
on-Werra was called into being. 

The Colonial Academy, of course, is mainly dustined to 
train pupils for the various economical pursuil~ open to 
the individual colonist. It is true that the i: struction 
there imparted should be supplemented later on by anfipurces 
apprenticeship on the spot, but the training proper isfifThe m 
acquired at the Academy itself, with the wonderfully Hbnious 
comprehensive resources at its disposal. tice, 

This Academy has thus set itself a unique task, whieh 
it is rather difficult to appreciate fully. While bcaring the 
character of a German Hochschule, as far’as its scientific 
standard is concerned, it resembles rather an American Mure, 
or English University than the thing commonly thus {§from « 
designated in Germany. In’the excellence of its appoint finches 
ments and its width of scope, it stands as a model for HMergoe: 
others to copy. Se Sal 

If there is a growing necessity for the agrici|turist to Mening 
undergo a thorough training, both theoretical «nd prae fis, incl 
tical, in special agricultural academies, such a preparatory Hrganic 
course is even more indispensable to the settler in overdiman hy 
seas countries. While the young farmer at home, moving MMtropica 
as he does in a highly developed country, has manyfjnagem 
opportunities of investigating the vital conditions of bisfraphy. 
future field of activity, the colonial farmer, in fact, not¥%gion a 


op ical 


n the : 
ier, t] 
st, bee 


only meets a state of affairs absolutely unknown to him,™ aftern 
but as civilized man, finds himself transferred into eo manu 
nomical conditions which are hundreds, and even thowfnted fc 
sands of years behind those of his own country. This @brickla: 
first of all, presupposes great capacities of adaptation dd, in s 
all his views and ideas, to which effect, a wealth of thelibs of th 


most varied theoretical and practical knowledge is §go thre 
quired, insuring an intelligent comprehension of the 
mate, soil, fauna and flora, native populations and theif 
customs, as well as of economical and social conditions 
In fact, the more everything in the colonies, especially it 
an incipient economical development differs from cond 
tions at home, the more the young farmer will have # 
adapt himself to the most varied conditions and every 
where to shift for himself. While having no experiencté 
neighbors to rely upon for help and no skilled assistant 
to make up for his own lack of experience, he is hound eveliftivatior 


to feel more keenly the necessity of amply pro viding folgeel thr: 
those little everyday wants for which thousands of helpiistic sid 
ing hands and machines, manufacturers and imiddlemelhis eo; 


had been continually at his disposal in the old counttyg@ quaint 
This is why the colonial farmer, apart from his agriclmay bar 
tural capacities, must be a Jack-of-all-trades ; 

In spite of its mediaeval surroundings, the new Inst 
tute is thoroughly modern in its spirit, and adapted 
the requirements of present-day colonial politics. Whit 
in olden times young generations possessing a!! the 4 
ties and capacities of the “settler” sprang u) naturall 
under modern conditions, over-civilization aiid a 
ing estrangement from the simple and natura’ life of ' 
agriculturist and artisan have now to be cv unterae 
if the nation is really to become fit for coloniz:: tion W 

Another task before the founders of tl Colo! 
Academy was to supplement the home indi stry, recent 
and agriculture, by opening up and developing ov i 
countries, studying the requirements of tropic: climates 
and educating the native populations to a b: (ter apP™ 
ciation of their own life-interest, both from «1 econ 
cal and moral point of view. 

Good care has been taken to avoid the pe:antism 
red-tape only too often characteristic of Gorman ® 
cational methods. Rather than to cram the pu 
heads with much useless stuff the endeavor as bee 
train and test ‘heir minds and characters. 
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ble men who The Colonial Academy comprises a farm belonging to a 


lonies. mer royal domain, now fitted up especially for its 
started ong Ment purpose, the extensive buildings of an old Wilhel- 
special train Mite Convent and the one-time custom-house. This 
Vice. These Mlloup of houses, situated immediately on the banks of the 
most Compre Myr, near the gates of the town, has been supplemented 
ies of special spacious new buildings with large gardens. The class 


umber of de MiRd dwelliny rooms of the pupils are located in the Con- 
dlonies, which Mot itself, which is a horse-shoe shaped building. A 


at the Berlin anne. in modern Gothie style, adapted to that of 
r, this career, Mb old buil ing, is an architectural curiosity in itself. 
on candidate HEExtensive conservatories, especially for economic 


tion, did not Mpical plants, a laboratory and collection rooms, all 
nec! the favor fds of workshops, a dairy operated by a special water- 
er plant a model dairy-stable and a large riding hall 
tisfactory ete., supplement the appointments of 
easiig crowd Me Acadeni:. Vast fields (about 650 acres), surrounding 
a number of Mpewly est: blished farm, allow agriculture and stock- 
1 on founding Mming to | studied under their most varied forms. 
ron) the bet gardens, including large nurseries 


f landed pro sayings), fruit-tree plantations (5,000 trees), 
, Officers, ete, Mheyards, | bacco plantations and woodlands for the 
york. This is Midy of for stry, afford additional means of instruction. 


Vitz: nhausen- Mpreover tobacco and preserve factories of Witzen- 
sen, the surrounding State Forests and especially the 
sters’ Academy at Muenden, the proximity of Cassel 
h the W) helmshoehe Gardens, as well as of Goettin- 
he i: struction University, furnish ready means to supplement the 
ater on by anfources of ‘he Academy in every way. 
1ing proper is##The main feature of the Colonial Academy is an har- 
e wonderfully Mnious combination of careful theory and extensive 
tice. Just as the future officer has to go through 
ne tusk, whieh fn the sm: {lest and most menial exercises of the private 
jile bearing the fier, the young man devoting himself to colonial work 
us its scientific Hist hecom proficient in every detail of practical agri- 
‘an American Mure, gardening and the most important trades. So 
ymmonly thus from dal|)ling in a desultory way, with these different 
of its appoint Hinches of practical knowledge, every pupil therefore 
1s a model forMlergoes « thorough apprenticeship in each of them. 
se same young men who have spent their mornings 
ning to lectures on the most serious scientific prob- 
s, including the study of the soil and plant structure, 
ganic chemistry, evolution, animal dietetics and 
man hygiene (especially hygiene of the tropics), botany 
tropical forests, civil engineering, technology, forest 
hagement, commercial science, colonial politics, eth- 
graphy, national and colonial economy, history of 
gion and colonial law, these men may be seen in 
afternoon engaged in practical work, digging, spread- 
erred into e¢>@% manure, pitching hay, harvesting, ete. When ap- 
ind even thowf™nted for service in the smithy, the cartwright’s shop, 
ountry. This @bricklaying and other trades, in the nursery or vine- 
' adaptation dtd, in surveying or drawing or in the practical exer- 
, wealth of thes of the chemical laboratory, they are strictly required 
owledge is go through every detail of work, be it interesting or 
sion of the d-fsome. While they may on the one hand be tending 
tions and thetfthe conservatory the most delicate plants, they are 
cial conditions ‘d upon on the other hand to go through every detail 
Ss, especially it nected with coarser work, as for instance in the dairy, 
ers from cond+™ milking of cows or the cleaning of stables. 
er will have “™Such leisure time as is left by so comprehensive a 
ons and every m is given up to optional sporting exercises on 
no and water, including gymnastics, lawn tennis, row- 
cilled assistani and fencing, boat building and shooting, while the 
e is hound evelftivation of music and extensive tours by foot or by 
ly providing foe throurh the beautiful surroundings round off the 
usands of helpistic side of college life at Witzenhausen. 
and :middlemeiffThis comprehensive day’s task is gone through within 
he old county quaint s\irroundings of a vast monastery, close to the 


ily ciestined to 
rsuil~ open to 


to 
tical «nd pra 
la preparatory 
settler in over 
home, moving 
ry, las 
nditions of bis 
r, in fact, not 
known to him, 


rom his iny banks of the Werra, in the midst of the delicate 
rades By of seenery of the Thuringo-Hessian mountains. 
, the new Ins#ie German Colonial Academy forms a small town in 
and adapted with many buildings and manifold courtyards 
politics. WiMgardens On one side of the convent, which contains 
ing al! the qual class an! dwelling rooms, are found all sorts of farm 
ng u)} naturel ses and workshops, the dairy, the mill and cow stable, 
on and tiding and gymnasium, laboratories and scientific 
atura! life of ¢ meta, as well as the conservatories. Another addition 
be counters pecial onomic importance is a model farm situated 
Joniz:: tion Wor side of te town where farm horses, colts, milch cows 
of the Colot cattle, -heep and pigs are reared. . 

industry, teeent dition is a Colonial Museum, the collections 
eloping ov tich ar: donations by friends and former students of 
ropic:l climate@? Academy. The ethnographical exhibits, arranged in 
be iter order, are especially noteworthy. The 


‘om ining rvoms of the Museum are filled up with a 


pedantism 
of German ™ 
m the puP 
vor has beet 


‘horns, hird-skins, and collections of tortoises, in- 
& beetle and butterflies. These obviously enable a 
badequate idea of any given over-seas districts to be 
ee with its native population—its life, customs 
means of livelihood—the animal life characteristic of 


lily increasing wealth of zoological objects, such as 


E A Picturesque Corner in the School Grounds. 


the country and the activities of the white element. 

Life at the Colonial Academy—as controlled by a code 
of private regulations—is hardly comparable with that of 
any other German educational institution, apart, possi- 
bly, from military academies. In fact the English- 
American collegiate system, which has been chosen as 
a model in drawing up the constitution of the Colonial 
Academy, was, so far, practically unknown to German 
students. The advantages of this system in the interest 
of a steady, well-arranged work, as well as the formation 
of virile characters, seemed of such paramount importance 
to the founders of the Colonial Academy, that they did 
not hesitate to adopt it with a view not only better to 
perform each day’s task, but to be able more adequately 
to train and test the character of students, by allowing 
them to form a little community of their own, endowed 
with extensive autonomy. 

Germany has long led the world in the educational 
field. Its schools, especially in the higher departments 
of learning, are a model for all the world. Its universi- 
ties retain upon their teaching staff some of the greatest 
celebrities of our day. There is practically no depart- 
ment of academic learning in which Germany does 
not stand in the very front rank. One might perhaps 
think, that with such a highly developed system, which 
by now has settled along well established lines, there 
might be some danger of falling into a stereotyped 
form and a lack in progressiveness. Indeed, if we 
wish to be critical, possibly we might point to this or 
that feature in the German system, in which we feel 
gratification in reflecting that our American system, 
or perhaps the English system, offers advantages over 
the German. But the strongest point in the situation 
is the fact that the Germans themselves recognize any 
such shortcomings in their system and do not allow 
themselves to be blinded by the truly admirable standard 
which they have achieved. The present departure, 
of which an account is here given, is perhaps as good 
an example as could possibly be given of this progressive 
spirit in German educational affairs. While the enter- 
prise is distinctly original and*does not seem to be 
duplicated anywhere else in all the world, the founders 
have thought it fit, in certain respects, to imitate the 
Anglo-American system. Thus this new branch, grafted 
upon the sturdy tree of German university activity, 
while, on the one hand, bearing all the characteristics 
of German thoroughness and system, combines with 
these some of the excellent features of that community 
life so characteristic of English and American colleges. 
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International Aviation Cup Defender Design’ 


Computation of the Principal Features 


In the design of an aeroplane, five different quantities 
must be considered, the speed through the air, total 
weight in order of flight, power required, surface of sup- 
port and head resistance includihg skin friction. To 
arrive at the correct relationship of these elements that 
the design must have in order to produce an aeroplane 
capable of the highest speed, is the problem under con- 
sideration. 

The speed attained in the last Gordon-Bennett race 
was about 80 miles per hour. Recently the world’s record 

was broken when the speed attained was more than 93 
miles per hour, with a 70 horse-power motor.' There is 
no reason to doubt the assumption that the winner of the 
next race must be able to exceed a speed of 100 miles per 
hour. As a starting point in the design, it is necessary to 
assume that the proposed machine shall have a speed of at 
least 110 miles per hour. 

The efficiency curves as given by Eiffel for the different 
wing areas and sections of the Blériot, Nieuport, Tatin, 
Breguet and R. E. P., show but a small variation, hardly 
more than 15 per cent difference between the least effi- 
cient and the best. That is to say, when these different 
wing sections are compared, they will lift about the same 
with equal head resistance, although they may be travel- 
ing at different speeds and have different angles of inci- 
dence. Generally speaking, the higher the speed the less 
the camber of the wing and angle of incidence necessary 
for support, so that the higher the speed the less power 
required for support. This is clearly shown in Fig. 3 on 
the design chart by curve No. 1, where the resistance of 
the planes becomes less and less as the speed is increased. 
The great difference in speed of the different machines, 
in relation to horse-power, is generally the difference in 
the head resistance. 

Fig. 2 shows the lift and drift of the section adopted as 
the most suitable for the present design, the results being 
given in pounds per square foot at a speed of one mile per 
hour. 

From existing machines it is estimated that at a maxi- 
mum, the total weight of the machine, with pilot and fuel 
necessary for a flight of 144 hours, will not exceed 1,100 
pounds. The maximum loading per square foot is as- 
sumed to be 10 pounds which gives as the total area of 
the main planes 110 square feet. 

Fig. 2 shows that the maximum angle of incidence 
possible with the type of wing section adopted is 15 
degrees, at which angle the lift is 0.0024 pounds per 
square foot. It is now necessary to know what is the 
minimum speed that will give a support of 10 pounds per 
square foot. When 0.0024 is multiplied by such a multi- 
plier of Fig. 1 that the result is equal to 10, then the 


2. = = 
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1 1 51 2,601 76 
2 4 7 52 2,704 77 
3 9 28 53 2,809 | 78 
4 16 ‘ 54 2.916 79 
5 25 ‘ ¢ 55 3,025 | ) 
6 36 56 136 81 
7 419 32 1, 57 3,249 82 
8 64 33 1,0) 58 3,364 83 
9 34 1,1 59 3, 481 84 
10 100 351, 60 3,600 | 85 
11 121 36 1, 61 3,721 | 86 
12 144 37 ¥ 62 3,844 | 87 
13 169 38 1,4 63 3,969 | 88 
14 196 39 1,5 64 4,096 89 
15 225 40 1,6 65 4,225 | 90 
16 256 41 1,6 66 4,356 91 
17 289 42 1. 67 4489 | 92 
18 324 43 1,846 68 4,624 93 
19 361 44 1,936 69 4.761 94 
20 400 45 2,025 70 =. 4,900 95 
21 +41 46 «2,116 71 5,041 96 
22 47 2,209 72 97 
23 529 18 2,304 73 5,329 98 
24 576 49 2401 74 5,476 99 80 
25 625 50 2,500 75 625 100 10.000 


Fig. 1.—Table of Multipliers to be Applied to Lift and 
Drift at a Speed of One Mile Per Hour, to Obtain 
the Lift and Drift at Any Other Stated Speed. 


speed opposite such multiplier is the slowest speed possible 
for the proposed monoplane. In the case under consid- 
eration the speed is found to be about 65 miles per hour. 

It is now necessary to lay out the design chart illus- 
trated in Fig. 3, to show the different resistance and 
power curves in such a way as to keep clearly in mind the 
various factors and their bearing on the whole design. 
The first curve to draw on the chart is the curve showing 
the plane resistance (curve No. 1) showing as it does the 
head resistance of the main planes at different angles of 


+O Copyright, 1911, by . Aero Publication Company. 

' At Pau, on March 2nd, Jules Vedrines, on a 140 H. P. Gnome- 
engined Deperdussin monoplane, covered one circuit of a 10-kilo- 
meter (6.21-mile) course in 3 min. 34? secs., equivalent to a speed 
of 104.33 miles an hour. This is the record at the present time. 
The Paulhan-Tatin torpedo monoplane, with propeller * the rear 
one of the body, is credited with a speed oF 94 m. p. h. with a 
50 H. P. Gnome motor. 


By E. R. Armstrong 


incidence and such speed in miles per hour that will give 
a support of 10 pounds per square foot for a total area of 
110 square feet. 

At 15 degrees the drift is 0.00057 pounds per square 
foot which, when multiplied by 4,225, the multiplier of 65 
miles, gives the resistance of 2.408 pounds; this multi- 
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Fig. 2. 


plied by 110, the number of square feet in the planes, 
gives as the total resistance of the planes at the speed of 
65 miles per hour, 265 pounds. The lift at ten degrees is 
0.00202 pounds with a drift of 0.00028 pounds. Ten 
divided by 0.00202 equals 4,950, multiplier of about 70 
miles; 4,950 multiplied by 0.00028 and the result multi- 
plied by 110 gives 151, the resistance of the planes at 70 
miles per hour at an angle of 10 degrees, at which speed 
the support will be 1,100 pounds. Proceed in this man- 
ner and calculate the resistance for the different speeds 
up to 120 miles, as shown in the aeroplane chart, Fig. 3. 

It has now been determined that, for a speed of 110 
miles per hour, 110 square feet of surface is necessary to 
support 1,100 pounds at an angle of incidence of about 
314 degrees. To support this weight, at that speed, will 
require about 30 horse-power, if an efficiency of 70 per 
cent of the propeller is assumed. If the horse-power re- 
quired for flight were only necessary to support the 
weight, speeds of 200 miles per hour would appear feas- 
able, as the actual power necessary for support decreases 
with the increase of speed. Increase in speed is only a 
matter of decreasing the head resistance of the body and 
other essential parts of the machine. In the past the 
body design has been made to conform to the shape of the 
motor, and in almost every ease is much larger than that 
necessary to contain the aviator and all controls. In the 
present design the cross section of the body is that neces- 
sary to contain the aviator, the motor and all accessories 
being so located in the same body as not to set up any 
additional head resistance. Such a cross section of the 
body will be the least possible for any aeroplane, as the 
dimensions adopted are based solely on the size of the 
pilot. 

Fig. 3 shows the plan, elevation, and side view of the 
design. No attempt is made to show the structural fea- 
tures, as the present article has to do only with the size 
and arrangements of the different elements of the aero- 


plane. It is now necessary to estimate the head resist- 
ance of the different parts of the design as shown in Fig. 
3. This is done by taking each exposed surface separ- 
ately, correcting for shape and length to breadth ratio, 
and adding them all together to represent the total head 
resistance of a single surface, placed normally to the line 
of flight. The resistance, on calculation is found to be 
equivalent to less than four square feet of normal surface. 

Using this amount as the area of head resistance, the 
resistance at the different speeds is calculated. The re- 
sults are shown on the design chart by curve No. 2, Fig. 
3. This curve shows the total head resistance of the 
machine, other than the plane resistance. The plane 
resistance is added to the body resistance, giving the total 
resistance as shown in curve No. 3. The chart also illus- 
trates the speed of flight in feet per minute. If the resist- 
ance in pounds, at a given speed in miles per hour, is mul- 
tiplied by the equivalent speed in feet per minute and the 
result divided by 33,000, it will give the necessary horse- 
power required at that speed. This has been done for the 
different speeds and resistances and is showné¢in curve 
No. 4, as the horse-power required. From this curve it is 
seen that about 65 effective horse-power is required to 
maintain a speed of 110 miles per hour. If an efficiency 
of 70 per cent is assumed for the propeller, at least 93 
horse-power will be necessary for horizontal flight. In 
order to have a reserve of power and provide for climbing, 
a motor of at least 120 horse-power should be used. 
Assuming that the motor selected will give that power at 
1.200 revolutions per minute and that its power is pro- 
portional to the speed, the horse-power available is next 
plotted by taking the power at a given number of revolu- 
tions. Correcting for the assumed slip of the propeller at 
that speed, will give the speed of advance at the number 
of revolutions considered, the power being corrected for 
the efficiency of the propeller. For instance, at a speed of 
1,000 revolutions per minute, the power of the motor will 
be 100 horse-power, which, at 70 per cent efficiency, will 
be 70 effective horse-power. The propeller is & feet 
6 inches diameter with a pitch of 11 feet 6 inches, of 
which the assumed slip is 28 per cent, so that the speed of 
advance will be 11,500 feet, less 28 per cent, which gives 
8,280 feet as the speed of advance, or 94 miles per hour. 
At this speed the motor and propeller will be giving 70 
effective horse-power. Proceeding in this manner, the 
effective horse-power curve is drawn for different engine 
speeds up to and including 1,300 revolutions per minute. 
This curve is shown as No. 6 in Fig. 3. 

Curve No. 5, showing the gliding angle, is next plotted. 
This curve shows the gliding angle in degrees and as a 
ratio of the distance descended to the distance traveled in 
a horizontal direction. It is obtained by dividing the total 
weight by the total resistance at the different speeds, and 
shows the best possible gliding angle for the different 
speeds. The curve shows the best gliding angle to be 
about 914 degrees, at a speed of 85 miles per hour. The 
chart also shows that, at a speed of about 95 miles per 
hour, there is a reserve of about 25 horse- power, which 
will permit a climbing rate of about 700 feet per minute. 
The chart further shows that the proposed design should 
give the extreme speed of 120 miles per hour. 
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Internationalism in Science 


One of the circumstances which give man an iim- 
mense advantage over the other biological species in 
the struggle for existence is the fact that the experi- 
ences of each generation are handed down for the 
penefit of the descendants, who thus start out upon life 
at an advantage, as compared with their progenitors. 
While this factor must have been at work in the evo- 
lution of the human race from the gray dawn of its 
history, when all tradition was necessarily oral, its 
significance must have grown by leaps and bounds, first 
with tie invention of the art of writing, which gave 
man the means of keeping a permanent record of 
events: later with the introduction of the printing 
press, [he greatest of all disseminators of human knowl- 
edge; and last of all with the development of the mod- 
ern method of systematically recording and spreading 
proadcast the results of current scientific investigation. 
And hive we then arrived at the last and final stage 
of development beyond which further improvement is 
unthinkable? 

Seicice is essentially international. Yet the adminis- 
of specific international affairs in science has 
hither:» been left largely to chance organizations, 
which. like mushroom growths, have arisen as occasion 
demanded to meet the exigencies of the day. Here and 
there permanent international committees have been 
appointed, it is true, to deal with certain special mat- 
ters, -uch as the establishing of standard atomic 
weigh: s and the like. But a permanent head to regu- 
late aud properly co-ordinate all such efforts has been 
lackins. International congresses have heen convened 
ly the representatives of every branch of pure and ap- 
plied science, and have for the most part been con- 
ducted to the satisfaction of all concerned. But each 
congress had, so to speak, to work out its own salva- 
tion. It was not in any definite and systematic way 
linked with previous congresses, by a detailed record 
of the experiences by which it could profit. This is all 
the mere serious because in most instances interna- 
tional Congresses occur only at rather long intervals, 
and it is very improbable that the men who were the 
leading spirits in the management of one such congress, 
held say at Washington, will live to hold the same 
office at a subsequent congress of the same kind: con- 
vened in the same locality. 

If things have been done well there are those who 
think they might have been done better, had there been 
some central head supervising and exerting a guiding 
influence. As a conerete example of the need of some 
such guidance may be quoted the meeting of the per- 
manent Commission of International Congresses of 
Electrology and Medical Radiology which met at Bar- 
celona from September 13th to 18th, 1910, while from 
the 13th to the 15th of the same month of the same 
year the International Congress of Radiology and 
Electricity met at Brussels. Such clashing of the meet- 
ings of bodies devoted to similar interests should be 
iveided, and all duplication of work and discussions 
could, under proper management from some central 
bureau, be reduced to a minimum. Questions of  in- 
ternational etiquette, too, which are apt to arise in 
connection with the holding of great international con- 
ventions, can, as a rule, be disposed of with greater 
(elieacy and less offence to those concerned, by an en- 
tirely neutral body, than by a necessarily national ad- 
uinistrative board taking care of the local arrange- 
tients for the congress. 

A good idea of the extent to which international 
activity in seience has grown is obtained from a 
lerusal of Dr. Eijkman’s publications, L’/nterna- 
tionalisme Scientifique and L’Internationalisme Meédi- 
cal. The former lists no less than 614 international 
congresses, committees and associations devoted to the 
Promotion of one phase or other of scientific work. 

As the readers of the Screntiric AMERICAN Suprie- 
MENT tay be expected to take a special interest in 
technological subjects, a list of some special bodies and 
Cohventions past and future devoted to work along this 
line is appended at the end of this article. 

An cffort has been made to centralize all interna- 
tional affairs in science by the promotion of the In- 
ternational Association of Academies, whose headquar- 
ters are at St. Petersburg. The association includes 
the Dutch Academies of Science (Amsterdam), the 
Academies of Prussia (Berlin), Switzerland (Basle), 
Belgium (Brussels), Hungary (Budapest), Norway 
(Christiania), the Royal Academy of Science, Gét- 
tingen: the Danish Academy of Sciences at Copen- 
hagen: the Saxon Academy of Science, Leipzig; the 
British; Academy, London; the Royal Society, London; 
the Royal Academy of Sciences at Madrid; the Royal 
Bavarian Academy of Science at Menich; the Academy 
*f Inscriptions and Belles Lettres, Paris; the Academy 
of Science at Paris; the Academy of Moral and Po- 


A Movement for Centralization 


litical Science, Paris; the Imperial Academy of Science 
in St. Petersburg; the Royal Academy of Science at 
Rome; Royal Academy of Science, Stockholm; the 
Imperial Academy of Science, Tokyo; National 
Academy of Sciences, Washington; the Imperial 
Academy of Sciences, Vienna. 

This Association of Academies has drawn up quite 
an extensive programme of work to be taken care of 
under its auspices. Among the items may be picked 
out just a few which are of the greatest interest, as 
follows: 

The preparation of an international catalogue of 
scientific literature. 

International co-operation in the observation of 
earthquakes. 

The study of electric phenomena of the atmosphere. 

An international campaign against diseases of culti- 
vated plants. 

Index of historical, philological and sveial publi- 
cations. 

The association is also in constant relation with the 
following institutions, among others: 

Central Committee for Research Work on the Brain. 

Commission for Lunar Nomenclature. 

International Union fer Solar Research. 

Commission for the Annual Publication of Tables of 
Physical and Chemical Constants. 

While this association of academies is in some re- 
spects an ideal body for dealing with international af- 
fairs in science, it labors under several disadvantaces. 
In the first place it has no definite and permanent bhuild- 
ing in which to locate its headquarters. In addition 
to this the scope of the association, although very 
broad, is, after all, more limited than that taken in 
view for the foundation for internationalisia, which 
proposes to establish a number of bureaus devoted to 
the several branches of international life. The Bureau 
of Pure Sciences, in particular, is planned on the broad- 
est possible basis to take care of every phase of inter- 
national life in seience. It is intended to furnish not 
only that supervision and guidance of which mention 
was made above for the convening of congresses in all 
branches of science, but it is furthermore to function as 
permanent headquarters, at which work shall be car- 
ried on also during the interim between congresses, 
and where records of every kind may be kept and made 
accessible to inquirers. 

This movement is receiving the support of many of 
the foremost men of seience abroad and in this coun- 
try, among whom may be mentioned the names of 
Arrhenius, Bertillon, Ehrlich, Emil Fischer, Lockyer, 
Metchnikoff, Ostwald, Ramsay. Roux, Riibner, Schuster, 
Waldeyer, J. McKeen Cattell, Harvey Cushing, George 
Ek. Hale, W. C. MacCallum, 8S. N. D. North, Henry 
Fairfield Osborn, E. C. Vickering, Ira Remsen, and 
Charles Baskerville. 

Dr. Eijkman, director of the foundation, is at the 
present time visiting the United States and is stirring 
up interest in the matter. The movement is one of ex- 
treme importance, and deserves the hearty support and 
co-operation of all scientific men, and it is to be 
hoped that it will make rapid progress to a stage in 
which the foundation will be in a position to fulfill 
effectually its high function. + 


LIST OF SOME OF THE CHIEF INTERNATIONAL CONGRESSES, 
COMMISSIONS AND COMMITTEES. 

International Bureau of Weights and Measures, I'a- 
villion de Breteuil, Sévres, France. 

International Institute for 
Spichernstrasse 17, Berlin W. 50. 

International Association of Refrigeration, 10 Lue 
Denis Poisson, Paris. 

International Conventions on Electrical Units (1882, 
Paris; 1884, Paris; 1905, Charlottenburg; 1908, Lon- 
don). 

International Congress of Gas Manufacturers, 1900, 
Paris. 

International Commission of Photometry, Secretary 
General, M. Ph. Delahaye, 105 Rue St. Lazare, Paris. 

International Congress of Electricians (1881, Paris; 
1889, Paris; 1893, Chicago). 

International Congress of Electricity (1891, Frank- 
fort; 1896, Geneva; 1900, Paris; 1904, St. Louis).- 

International Congress of Applied Electricity (1908, 
Marseilles). 

International Congress of Radiology and Ionization 
(1905, Brussels). 

International Electro-technic Commission, Secretary 
General, M. ©. LeMaistre, 28 Victoria Street, West- 
minster, London, S. W. 

Permanent Commission of the International Con- 
gresses of Applied Chemistry, President, Prof. Dr. A. 
F. Holleman, Oosterpark 59, Amsterdam. 


Technobibliography, 


International Association of Chemists of the Leather 
Industry, General Secretary, Prof. Dr. Edmund Stiasny, 
S Monkbridge Road, Headingly, Leeds. 

International Commission for the Standardization of 
Sugar Analyses, M. Francois Sachs, Rue de Longue- 
Vie 64, Brussels. 

International Commission for the Standardization of 
the Examination of Petroleum Products, Dr. Leo Ub- 
belohde, Karlsruhe. 

International Commission for the Standardization of 
the Examination of Fats, Dr. Leo Ubbelolide, 
Karlsruhe. 

International Rubber Testing Committee, President, 
Dr. A. H. Berkhout, Wageningen. 

International Congress of Sugar and Fermenting In- 
dustries (1905, Liége; 1908, Paris.) 

International Committee of Carbid and Acetylene, 
104 Boulevard de Clichy, Paris. 

International Association for Testing Materials, Gen- 
eral Secretary, Ernst Reitler, Nordbahnstrasse 50, 
Vienna IT. 

Permanent Petroleum Congress, Secretary, Albert 
lazy, Place des Vosges, Paris IT. 

International Congress of Mineral Waters (1910, 
Brussels). 

Permanent Commission of International Congresses 
of Photography, 51 Rue de Clichy, Paris. 

International Photographic Union, 25 Rue Rem- 
brandt, Antwerp. 

International Congress for Applied Vhotography, 
(1900, Dresden). 

International Geologic Congresses (19153, Canada). 

International Congress of Mines and Metallurgy, Me- 
chanies and Applied Geology (1915, London. G. ©, 
Lloyd, Secretary Tron and Steel lustitute, 2S Victoria 
Street, London, S. W.). 

Association of the Congress of Mining Properties, 
etc... 4 Rue Basse, Lille. 

International Agro-geological Conventions (1914. St. 
Petersburg. Alexandre Karpinsky, Quai Nicholas 
St. Petersburg). 

Permanent Committee of the International Con- 
gzresses of Architects, Secretary, M. Voupinel, Rue 

toissy d’Anglais 45, Paris. 

International Congress of Food Hygiene (1906, 
Paris; 1910, Brussels). 

International Opium Commission (1900, Shanghai; 
1910, The Hague). 

International Commission for the Study of Oceupa- 
tional Diseases (1906, Milan: 1910, Brussels). 

International Congress of Workmen's T)wellings 
(1910, Brussels). 

International Commission for Preparing International 
Congresses for Hygienic Reform in Dwelling Houses, 
Dr. F. Marie-Davy, 5 Avenue d@’Orléans, Paris XTV. 

International Congress for the Promotion of Crema- 
tion (Brussels, 1910). 

Conference for Combating Unnecessary Street Noises, 
(1910, Berlin; 1912, New York). 

International Congress of Life Saving (1SS9, Paris: 
1900, Paris; 1904, Paris). 


The Length of Life of Animals 

Some very interesting facts are quoted in a recent 
pumber of La Nature from a paper read by Dr. Mit- 
chell before the London Zoological Society. Dr. Mit- 
chell has been collecting data regarding the length of 
life attained by various animals under observation at 
the London Zoological Gardens. Animals in captivity 
are usually rather short lived in spite of the special 
attention and precautions taken for them; in fact, as 
compared with most animals, man occupies a very 
favorable position in respect to longevity. 

Lions have a mean length of life of 30 to 40 years. 
One polar bear lived in the zoological gardens for a 
period of 33 years. The oldest among the hoofed tribe 
may attain some fifty years or so. In the popular 
mind there is a common impression that whales and 
elephants attain a very advanced age. As regards 
whales the zoological gardens have no observations 
available. With respect to the elephant, however, it 
appears that the common impression is an exagger- 
ation. Dr. Mitehell thinks that 100 years represents 
an extreme limit, and that the usual length of life is 
about 20 to 30 years. 

Birds are comparatively long lived. <A raven reached 
the age of 69, and an eagle 68; a parrot exceeded a cen- 
tury. Ostriches seem to reach only about 35 years as 
a maximum. The hardest mammals to keep alive in 
captivity are bats. The maximum for these at the 
gardens is only eleven months. This is due, not to any 
natural limitation of their life, but to their extreme 
sensitiveness to the artificial conditions under which 
they live. 
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At the Bochum mines there has been established a 
magnetic observatory and earthquake station the 
equipment of which, as described in Engineering, may 
.be taken as a model of its kind. 

The object of the earthquake station is to observe 
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New Seismometers 
Some Records of “Artificial Earthquakes” 


not studied there. That the continuous control of the 
magnetic elements is of great importance to the miner, 
need not be pointed out. In how far the study of 
earthquake phenomena can be of direct utility to him, 
the future will teach. But the provision of a suitable 
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The Wiechert Mintrop  Seismometer-lendulum. 


Fig. 1, 


Vlan. 


Vertical Section. Fig. 2, Fig. 3, Spring 


Suspension. 


and to record the phenomena of natural and “artificial” 
earthquakes and to study them in their bearing upon 
mining. The term “artificial earthquakes’ may be 
used to indicate all concussions of the earth produced 
indirectly by human agency; by traffic, machinery, 
blasting, etc. So far as we know, the magnetic observa- 
tory and earthquake station at Bochum are the only 
ones especially equipped for the systematic study of 
these phenomena in the interest of the miner. Aachen 
is similarly equipped, but artificial earthquakes are 
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Fig. 5.—Spring Suspension of the Aluminium Lever NV. 


observatory for both these purposes in connection with 
the practical miners’ schools of the Berggewerkschaft- 
skasse has generally been welcomed. The Berggewerk- 
schaftskasse is a common fund, to which all the mine 
proprietors of the district have to contribute. Prof. 
F. Heise is the director of the schools, and Dr. L. Mintrop 
is the chief of the observatory department and originator 
of several of the instruments used in it. We now pro- 
pose to describe the seismographic equipment and some 
of the results obtained with it. 

The equipment consists, in the first instance, of 
three astatic Wiechert pendulums, two suspended so 
as to record the horizontal components, one for register- 
ing the vertical component, all mechanically recording 
with the aid of styleson drums. The “stationary masses” 
of these horizontal pendulums weigh 1,000 kilogrammes 
and 200 kilogrammes; that of the vertical pendulum 
weighs 1,300 kilogrammes. Prof. E. Wiechert of 
Géttingen has a preference for heavy pendulums and 
for large magnifications by means of lever systems. 
In England the simple light boom pendulum, not pro- 
vided with special appliances for magnification, of Dr. 


Fig. 6.—The Reflecting Mirror and Its Suspension. 
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J. Milne enjoys general favor. There are further at 
Bochum two portable horizontal pendulums, each for 
two components, of the Rebeur type, constructed to 
the designs of Dr. Mintrop, for recording gradual level 
changes and inclinations and depressions caused by 
excavations in mines. The two pendulums weigh 15 
kilogrammes each; the one is suspended by springs, 
the other between points, and the deflections are mag- 
nified ten or twenty times. The third set of instruments 
comprises two highly sensitive portable seismom« ters 
for photographic records, the one a horizontal pendulum 
of the Wiechert-Mintrop type, the other a universal 
pendulum ot Dr. Mintrop. The latter instrument 
records on the same film the two components of the 
horizontal movement and the vertical movement its 
direct mechanical magnification is about 500 times, 
but with the aid of mirrors the magnification can be 


4.—View of. Seismometer With Recordi: 


Apparatus Removed. 


Fig. 


raised to 16,000, as in the former case. The periods of 
the three pendulums of the universal instrument are 
0.24, 0.18, 0.24 second (vertical), the period of the 
horizontal pendulums is 0.7 or 1.0 second. We illustrate 
these last two instruments herewith. 

The horizontal Wiechert-Mintrop pendulum (Figs. 1 
to 7) consists of the seismometer proper and the recurd- 
ing apparatus, which is mounted above the seismom«ter 
and connected with it by bellows. Fig. 1 is a vertical 
section through the whole instrument; Fig. 2 is a plan; 
Fig. 4 a view of the seismometer, with the recording 
appliances and the whole outer casing removed. The 
seismometer rests with three strong screws S,, S:, S; 
on a solid iron base-plate B which is rigidly attached 
to the ground; B is triangular in shape and has a length 
of about 11 inches. The screws support the iron frame 
G. The stationary mass, the pendulum, is a cylinder 
of brass filled with 12 kilogrammes of cast lead. ‘his 
cylinder lies in a split cylinder C (see Figs. 1 and 2) 
which is supported by two pairs of half rings FR, R. 
The split cylinder forms a connection between the 
lower members of the ring supports, which are further 
joined by the strong axis A (Fig. 1). The whole system 
is earried by the two flat springs F,; and F:, which cross 
one another at right angles; these parts, which cor- 
respond to the pivot of the movable system, can better 
be seen in Fig. 3. The oscillations of the pendulum 
are taken up by the brass rods Z and transferred by 
a double system of cross flat springs F;, F, (see Fig. 5), 
to the aluminium lever N. The lever N is itself sup- 
ported at the one end by a vertical flat spring P:, which 
is fixed in the small column Q; this column is vertically 
adjustable, and forms the head of another flat spring /”2. 
Figs. 1 and 3 further show the dashpot, which is filled 
with oil; the damping ratio is 3:1. 

The instrument acts in the following way: ‘Ihe 
base B and the frame G participate in the oscillat ons 
of the ground, but the heavy mass of the pendu'um 
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Fig. 7.—Photographic Recorder. 
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. Fig. 8.—The Mintrop Universal Pendulum. 


is too sluggish, and as a result the pendulum will appear 
to move in the opposite direction to the framing. The 
levers L and N will therefore turn, and the originally 
horivontal movement of the ground will be changed 
into 2 vertical movement of the point EF (Fig. 1) and 
at the same time be mechanically magnified 40 times. 
A further optical magnification will take place at the 
point & by the concave mirror M, which is mounted 
on sicel points resting on the agate cups of two little 
pillars fixed to a table which stands directly on the 
framing G (Fig. 1). The mirror is tilted through the 
intermediation of a rod which rises from the end of 
the \Juminium lever N; this rod extends through a 
perfvration in the little table and is crowned by a third 
agat« cup, from the steel point of which a small lever 
reaclies over to the mirror. Fig. 6 shows details of 
this table. Instead of the one pair of pillars just men- 
tion, four pairs will be seen, in addition to the last- 
mentioned odd cup; the four pairs are at 5 millimeters, 
10 millimeters, 20 millimeters, and 40 millimeters from 
the odd eup, and by their aid the magnification can 
be vuried in wide limits, roughly from 2,000 to 16,000 
times. The actual magnitudes of the earth’s move- 
meni cannot directly be deduced from these magnifi- 
cation co-efficients; for they depend also on the inertia 
of the masses, and have to be determined by calculation 
and «xperiment. In order to facilitate the latter deter- 
mination the serew S, (see Figs. 1, 2, and 4) is provided 
with a fine thread, and its head is divided; the screw 
is turned through a definite angle, producing a certain 
tilt of the instrument, and the corresponding mirror 
deflection is read off; the serew is therefore called the 
“inclination serew.”’ 

We pass to the registering devices, which are illustrated 
in Figs. 1 and 7, the two diagrams being sections at 
right angles to one another; records are produced in 
kinematograph fashion. The film is unwound from the 
roll 7',;, passes over roll 7, on which it is struck by 
the light ray (Fig. 7) and wound on roll 73. The light 
ray from the lamp ZL, has been reflected up the bellows 
by the mirror M (Fig. 1) and has passed through a 
cylindrical lens before reaching 7:. 7; is turned by 
a clock-work, and the feed ean be varied within 0.5 
millimeter and 100 millimeters per second, by means 
of gearing and vanes (see Fig. 1); thus, even very rapid 
oscillations can well be recorded. As the film speed 
will not be quite uniform, time-marks are made on each 
diagram with the aid of the lamp Z, (Fig. 1) and the 
fixed mirror M;; the cireuit of this lamp comprises a 
chronometer and a second-interrupter. The other 
mirrors of Fig. 7, M: and Ms, and the screens of red 
glass and of ground glass are added in order to allow 
the observer to watch the light spot while it is being 
photographed. Part of the ray is reflected by the 
cylindrical lens in front of 72, and sent to mirror M; 
and to the sereen of red glass which the observer watches. 
While ordinary photographing goes on, the plane mirror 
M, will be hanging down as indicated in Fig. 7, in which 
Position it closes the camera box; when a kinemato- 
graph record is not desired, M, is turned through 45 
degrees, and the light spot will then appear on the 
ground glass sereen. The whole recording box can 
be shifted on the platform of its tripod in a plane at 
right angles to the plane of the pendulum oscillation; 
by adjusting the serew S, (Fig. 2) an adjustment in 
this plane itself is obtained. The arrangement hence 
offers the advantages of a cross-slide fixture. 

_ The box is not affected by the oscillations of the 
Mstrument; the bellows do not transmit any con- 
Cussions, the tripods stand on rubber plates, and the 
casing of the seismometer does not touch the mechanism. 
The instrument has been designed to be readily portable; 
It fits into two small portmanteaus; for transport by 
tail cach of the two parts should be packed into a 
Special box, which is provided with cushions. The 
Mstriment is easily mounted; Dr. Mintrop ‘wants, 
om an average, 13 minutes to be ready for observations. 
The second instrument, the universal pendulum of 
r. Mintrop, consists, as we stated already, of two 
zontal pendulums and one vertical pendulum. The 
plan (Fig. 8) shows that the two horizontal pendulums 
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Figs. 10 and 11.—Tremors Produced by Fall of a Four 
ton Weight at 125 Meters and 510 Meters, 
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figs. 12 and 13.—Oseillations Produced by Ramming 
Piles. 


Fig 
Vig. 14.--Oseilations Produced by a Bursting Projectile. 


Fig. 15.—Oscillations from Gas Engine Running Steady. 


are combined with one another at right angles, and that 
the vertical pendulum is mounted between them, on 
the same base and framing. The vertical pendulum 
(Fig. 9) is suspended from the standard U which holds 
the spiral spring V; the spring V is, through the adjust- 
able screws W, connected with the strong lever X in 
such a manner that the point of application of the 
spring can be varied with the object of varying the 
sensitiveness of the instrument. The heavy mass is 
again a lead cylinder, of 1.5 kilogrammes weight, rest- 
ing in the one arm of X, of which it forms part. The 
one end of X is further supported by the crossed flat 
springs Ff; which act as a pivot; at the other end of 
X is a flat spring support Ps, of the same kind as in the 
horizontal pendulum, and the crossed springs F's; transfer 
the movement of X over to the lever N, and to the 
mirror; the registration is also obtained in the same 
way as previously described. The oil-damper is, in 
this case, placed immediately below the heavy lead 
Dr. Mintrop intends to substitute electro- 
magnetic damping for the oil-damping. 

With the aid of these instruments and of the others 
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Fig. 9.—The Vertical Pendulum. 


previously mentioned, the movements of the ground 
are continuously being observed at Bochum. Some 
of the curves which we reproduce were obtained by 
Dr. Mintrop at Géttingen, where Prof. Wiechert has 
his geophysical observatory on the Hainberg, a hill 
situated within a mile or two of the town. Seismo- 
graphs are never at rest, of course. Even in the quiet 
country there is distinet evidence of a “local unrest;” 
in industrial towns the constant disturbances produce 
close (very short period) oscillations of not inconsiderable 
amplitude. In several of the special experiments, a 
ball of steel, 4 tons in weight, presented by Messrs. 
Krupp, was dropped through a height of fourteen meters 
(46 feet) on the firm limestone soil.. Observations 
were taken at different distances. The- curve shown 
in Fig. 10 was obtained 125 millimeters from the spot, 
with a magnification of 5,500; the curve (Fig. 11) 
510 millimeters from the spot, with a magnification of 
50,000. The dashes at the bottom of the curves are 
second marks, one second corresponding to the space 
from the beginning (or end) of one dash to the beginning 
(or end) of the next dash. At the first-mentioned dis- 
tance of 125 millimeters the periods of the preliminary 
tremor and of the principal waves were 0.02 and 0.08 
second, and the maximum amplitudes 730 and 3,600 
“#(millionths of a millimeter). At a distance of 2,500 
millimeters the preliminary tremors and the principal 
wave could no longer be distinguished in the curves; 
the actual amplitude there amounted only to 1/500,000 
millimeters and 1/200,000 millimeters. 

Figs. 12 and 13 show the oscillations produced in 
the sandy soil of the Emscher Valley during ramming 
operations by a tup of 4 tons weight falling on piles 
through a height of 0.9 meter (about 3 feet). The 
two diagrams show the oscillations in two planes at 
right angles to one another, obtained at a distance 
of 38.5 meters from the spot, with a magnification of 
1,780. 

The curve of Fig. 14 was obtained when a projectile 
burst on the ground about 1,500 meters (1 mile) from 
the instrument; the magnification was 5,000, the 
feed 9 millimeters per second. The curve has some’ 
of the characteristics of a seismogram from the far ~ 
distance, thousands of miles from the observatory 
the preliminary tremor and the principal waves are 
quite distinct. Blasting operations gave similar, but, 
as a rule, less characteristic curves, because the dis- 
turbances are not so strong in ordinary practice. 

Some interesting observations were also made at 
Géttingen on the oscillations caused by the working 
of the four-cycle 400 horse-power gas-engine of the 
Municipal Electricity Works; during the experiments 
the other engines were stopped. This engine was 
normally run at 145 revolutions per minute, and at 
400 meters from it the curve (Fig. 16) (a part of the dia- 
gram only is reproduced) was obtained. The feed was 
3.2 millimeters per second, and the magnifieation 5,500, 
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The diagram, as reproduced, begins 20 seconds after 
starting the engine. The starting, it will be seen, 
hardly had any immediate effects upon the instrument 
at that distance of 400 meters. The oscillations in 
the first part of the diagram merely reflect the “‘local 
unrest.”” When the speed of the engine had come up 
to about 70 revolutions per minute, the periodicity of 
the engine became apparent; after about a minute 
the amplitude of the oscillations began to increase 
noticeably, while the period diminished. The maximum 
oscillations in the last part of the curve show a tendency 
to racing just before the load was put on. Afterward 
the load on the motor made little difference in the curve; 
it showed chiefly in so far as it affected the period. 
At steady running the curve (Fig. 15) was secured. 
In this eurve, for which a magnification of 11,300 
was used, two superposed periods can easily be dis- 
tinguished, and Dr. Mintrop’s calculations demonstrated 
that the forces coming in question during the working 
of the engine should cause a fundamental vibration and 
a secondary vibration of double frequency, while the 
higher components could be neglected. 

In the two curves illustrated the plane of the pendulum 
oscillations coincided with the vertical plane through 
the engine and the spot of observation. Other curves 
were obtained in other planes, and the harmonic analysis 
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of these curves yielded the following results as to the 
maximum amplitude of the fundamental oscillation /. 
and of the secondary oscillation 77. The amplitudes 
are expressed in 4# (millionths of a millimeter). The 
first column indicates the angle between the pendulum 
plane and the vertical plane, reckoned clockwise. 


| Maximum Amplitude in us. 


Angle. 
I. If. 
Deg. 
| 304 228 
45 438 288 
90 655 198 
135 | 545 139 


Similar observations were made at twelve spots in dif- 
ferent directions and at different distances from the gas- 
engine. At 4 kilometers distance the maximum ampli- 
tude had diminished to 25 “#, and the secondary oscilla- 
tion was no longer traceable. This decrease followed a 
regular law. Some curves were spoiled by a rush of cattle 
at the railway station. In the administration building 
of the electricity works, which a strong wall connects with 
the engine house, the observations tabulated in the next 
column were made; the second column of the table indi- 
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cates the height in meters of the spot on which the instry, 
ment was placed above normal datum :— 


| Height. | Amplitude in uy, 
| 
Concrete floor, basement. . —0.3 3050 | 2120 
Ground floor, boards......) +1.8 1950 | 2520 
First floor, stone...... +5.6 3850 130 
Second floor, stone...... . +9.7 4070 | 7800 


The oscillations produced by a Nurnberg gas engine of 
1,200 horse-power, running at 107 revolutions, were 
much more pronounced at 210 meters from the en. 
gine house on the ground than they were at 100 meters’ 
distance underground, in a mine at a depth of 40 
meters. 

Fig. 17 finally illustrates curves recorded by the uni- 
versal pendulum. A goods train was passing 50 meters 
from the instrument; the magnification for the two 
horizontal components was 500, for the vertical com- 
ponent 600. 

We should add that the instruments were supplied by 
Messrs. Spindler and Hoyer, of Géttingen, or made at 
Bochum under Dr. Mintrop’s supervision. The spiral 
springs and all the flat springs are of steel. 


Electrophysical Explanation of Gravitation’ 


An Analysis of the Cause of Gravitation and Comparison with the Gravitational Constant 
on the Basis of Corpuscular Rotation 


A stmPLe explanation of the force of gravitation follows 
as a direct consequence of the hypothesis of corpuscles re- 
volving within the atoms at high speeds approximating 
the velocity of light. To understand this let us consider 
the fundamental solution of the problem of the moving 
charged sphere. 

Take the case of a single corpuscle moving in any 
curve with velocity g. In the solution for this case it has 
been shown that the electrostatic field surrounding the 
sphere, which is uniformly distributed in every direction 
while the corpuscle is at rest or moving with velocities 
slow compared to that of light, becomes polarized, so to 
speak, as the velocity increases toward that of light. 
The poles are the two points on a diameter of the sphere, 
the one being on the side toward which the sphere is mov- 
ing and the other on the side from which it is moving. 
The circle half way from pole to pole may be called the 
equator. The effect of the motion is to crowd the radial 
tubes of electrostatic force away from each pole and con- 
centrate them nearer to the equatorial plane. The con- 
centration is symmetrical with respect to the equator, 
that is, they are crowded away from the rear pole toward 
the equatorial plane as much as they are from the for- 
ward pole. Simultaneously with the crowding of the 
tubes of electric force a magnetic field is generated, which 
becomes stronger as the velocity increases. The lines of 
magnetic foree are circles in planes perpendicular to the 
direction of motion of the sphere, having their centers on 
the path of the center of the sphere. These circular 
tubes of magnetic induction are crowded together most 
at the equatorial plane where the force is greatest, and as 
the velocity of the corpuscle increases they become more 
and more crowded, forming a plane sheet in this equa- 
torial plane, and leave all other regions both behind and 
in front of the equator. At the velocity of light all of the 
electric and magnetic force is concentrated in this plane 
equatorial sheet. 

The velocity of the corpuscles is supposed to approach 
to within an exceedingly small difference less than the 
velocity of light, the difference being represented by 
numbers of the order of 10™ centimeters per second. In 
these circumstances it is proper to consider that the mag- 
netic field accompanying all corpuscles moving with such 
velocities is confined within narrow limits to the equa- 
torial plane, the field strength both in front of and behind 
the plane being zero, and that in the plane very intense. 

CIRCULAR ORBITS. 

In the atoms the orbits of the corpuscles are circular 
paths, having the center of the sphere as their common 
center. The magnetic field of a corpuscle under these 
conditions is confined to a plane containing the center of 
the corpuscle and the center of the sphere, the plane of 
the field being perpendicular to the orbit. Fig. 1 repre- 
sents this condition, the plane of the paper being the plane 
of the orbit; the corpuscle at A moves in the circle with 
O as center, which is also the center of the sphere. The 
line QA’OAB’ represents the intersection of the plane of 
the magnetic field due to the moving corpuscle A with the 
plane of the orbit, the plane of the field being perpendic- 
ular to the paper. As the corpuscle revolves in its orbits 
this magnetic plane accompanies it, reyolving about the 
axis of the orbit perpendicular to the paper at O. 


* Adapted from The Electrical World. The paper here presented 
forms an excerpt from a larger work in course of oreparation. 


By Albert C. Crehore, Ph.D. 


EFFECT OF CORPUSCLE ON AN EXTERNAL ATOM. 
There is no limit to the distance to which the magnetic 
sheet due to the motion of the corpuscle in question ex- 
tends, the equatorial plane OB extending on every side 
indefinitely far as it revolves. Let sphere at B represent 


Fig, 1—Magnetic Field of the Corpuscle. 


another atom, a sphere of positive electricity containing a 
ring of corpuscles. As the magnetic plane OB due to the 
corpuscle A, in describing its revolution at a uniform rate, 
strikes the sphere of positive electricity B, this sphere ex- 
periences a momentary force of attraction toward the 
corpusele at A. This force lasts for a brief time only, 
while the plane of the magnetic field OB is moving across 
the sphere B, that is, while it describes the angle «, the 
apparent diameter of B as seen from 0. 

The reason that there is an attraction on the sphere B 
during this brief time is because the magnetic field of 
force, having a direction perpendicular to the plane of the 
paper at the position of sphere B,is moving at high velocity 
in the plane of the paper in a direction perpendicular to 
the magnetic plane AB. This moving magnetic field pro- 
duces, as is well known, an emf at right angles to each 
of the former directions, that is, an emf within B in a di- 
rection toward the center O in the plane of the paper. 

There is reason to believe that the magnetic planes do 
not have a similar effect upon the negative corpuscles 
within the sphere of positive electrification, because they 
are in rapid motion accompanied by magnetic sheets, as 
pointed out later, and the effect on the corpuscles is taken 
as zero. 

When the corpuscle arrives at A’, the point diametric- 
ally opposite in its orbit, the plane of its magnetic field 
again sweeps across the atom B, after A has made one- 
half a revolution. In this manner the force upon the 
atom B due to the corpuscle A is not a continuous force, 
but is a rapid succession of pulses, one every half revolu- 
tion of the moving corpuscle A. 

If there were two or more corpuscles in the ring of the 
atom, each would have an equal effect upon the sphere at 
B, but the forces would not be simultaneous. They 
would, however, be additive or cumulative, and the total 
force would be proportional to the number of corpuscles 
in the atom. In like manner the force on B depends upon 
the number of units of positive electricity in the atom B, 
and as this is the same on the average as the charges on 
the corpuscles within it we see that the law of force of 
attraction depends upon the product of their number of 
corpuscles, that is, upon the product of their masses. 

DIFFERENTIAL EFFECT. 

In the simplified explanation just given, attention was 
not directed to the fact that when the corpuscle is on the 
farther side of the orbit at A’ the transit cf the magnetic 
plane across the atom B developes an emf at B in the op- 
posite direction to that which is developed when the cor- 
puscle is at A, the nearer point in the orbit. That is to 
say, the impulse which the atom B receives when the 
corpuscle is at A’ is a repulsion away from O, and when it 


is at A the force is an attraction toward O, for the di- 
rection of the transit of the magnetic plane across the 
atom B is the same during each transit, the rotation 
being, say, clockwise; but the magnetic field itself is re- 
versed, being in a downward direction perpendicular to 
the paper in one case and in an upward direction in the 
other. The two impulses which succeed each other every 
half revolution are, therefore, first an attraction when the 
corpuscle is at A and a repulsion when it is at A’; but the 
attraction is always the greater of the two forces because 
the corpuscle at A is always nerarer to the atom B hy the 
diameter of the orbit of A, and consequently the manetie 
foree is slightly greater during the passage at A than at 
A’. The duration of the time of transit is exactly the 
same in each case, since the plane revolves around the 
axis O. 

This differential effect accounts for the fact that the 
force of gravity is so infinitesimally small. It has been 
recognized for a long time that gravity must be some 
effect of the second order of magnitude smaller than cor- 
puscular forces, and the above explanation of gravity ac- 
counts for this fact satisfactorily. 

All revolving corpuscles cause a resultant attraction 

It might be supposed without further consideration 
that another atom near that at O, in which the rotation of 
the corpuscles in their orbit is in the opposite direction, 
say counter-clockwise instead of clockwise, might entirely 
neutralize the force due to the atom O. That this is not 
true is easily explained, for it the corpuscle revolves in the 
opposite direction both the direction of the magnetic field 
at B and the direction of transit of the field across the 
sphere are reversed together, the result being that the 
force is still an attraction when the corpuscle is at the 
nearer point corresponding to A, and a smaller repulsion 
when at the farther point corresponding to A’. The 
effect of the motion of each corpuscle in its orbit is { here- 
fore an attraction upon B, no matter in which sense rota- 
tion takes place. 

Force of gravitational attraction inversely proportional lo 
the square of the distance and directly proportional (o the 
square of the velocity of the corpuscle; that is, to the total 
kinetic energy of all the corpuscles in a body. 

The value of the force of gravitational attraction will 
now be calculated upon the hypothesis that it is due ‘o the 
revolving magnetic sheets. The value of the magneti¢ 
foree at any point near a moving electrical charge is viven 
by the expression 

ueq(1 — 
r?(1 — A? sin? 


= 0 (1) 


where “ is the permeability, g the velocity, 7 =" » the 


velocity of light, r the radius vector joining the center of 
the charged sphere with the point, and ? the angic be 
tween the direction of motion and the radius vector, r. 
For moderate velocities 4 is small compared to unity, 
and the value of H becomes 
H = = 
To find the total induction cut by the atom B, valculate 
the integral of HdA (Fig. 2) from ¢= 0 to @ = 7, in a ring 
of radius r with width 2b. The elementary area (A= 


sin 4, (2) 


2brde. Using formula (2), we have 
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x 
Between the limits 0 and z, [ cos @ = — 2. (3) 
0 
4ueqb 
Hence, N = * , for one-half a revolution. (4) 


If we use the value of H in equation (1) for any veloc- 
ity, instead of that in (2) for slow velocities of the cor- 
puscle, we find 


eqb sin ¢dé 


This integral equals 


1 cos 

X¥=<=- 6) 

(1— #2) (1— sin? @)} 

2ueqb cos 

7 
and r (1— sin? 
he limits of ( d cos 
Between the limits of 0 and z, — (1 sin? =2, (8) 

and N= ——, (9) 


which is the same as the result obtained in (4) by means 
of the simplified formula (2) for slow velocities. The 
genera! formula (7), however, is good for all values of the 


Fiz. 2.—Diagram Showing Meaning of Symbols. 


angle ’, and by this the effective width of the magnetic 


sheet when the corpuscle has a velocity approaching that 
of ligt may be determined. They are exceedingly thin 
sheet ~ 


To tind the electric force acting upon the sphere of 
positi\ « electricity B, we may calculate the emf due to the 
rate of cutting of the magnetic field. If ¢ is the time re- 
quired by the magnetic plane of the corpuscle A to make 
the transit of the atom B, the rate of cutting the induction 


is 7 E, the emf. Since the force lasts for a brief time 
only, during the transit of the plane, and is thus of a 
pulsating nature, the effective emf is equal to the actual 
emf multiplied by the portion of a second during which it 
acts. If the magnetic plane makes n transits per second 
when the corpuscle is at A, the total time that the emf 


lasts is nt. Hence, 


N N 
E=—nt=Nn=—, 
t 7 
where 7’ is the period of the corpuscle. Since — = —, 
T 2a 
where « is the radius of the ring of corpuscles of which A 
isone, we have 
2ueq*b 
(10) 
mar 


To simplify the calculation, the positive sphere B is 
considered as a cube with sides equal to 2b. Its charge is 


‘ 
and volume Hence the density p = As the 


magnetic sheet due to A sweeps across this volume its 
width, w, is exeeedingly small compared to the diameter 
of the atom. The width of this thin sheet, w, may be de- 
fined by stating that all but a very small percentage of 
the total induction is contained between its two bounding 
surfaces. When the magnetic plane cuts the atom it acts 
only upon an elementary volume equal to 4b?w, and the 

charge within this volume is 4b?we = = 
Since (10) expresses the average emf—that is, the force 
upon a unit charge—the force upon the charge acted upon 


we’ 
can be determined by multiplying (10) by =. If use is 
made of electrostatic units it should be remembered that 


1 
Ms Ke" where K is the specific inductive capacity and v 
the velocity of light. Heng 
Pe qT ree 
Krarv? 
of A. (11) 
Applying this result to the ease of the corpuscle revolv- 
ing in a cireular orbit of radius a, whose center is at a dis- 
tance /? from the center of the attracted atom B, we have, 
for the half revolution nearer to B, r = R—a, and, during 
the half farther from B, r=R-+a, and, therefore, the 
average attraction during the whole revolution of the 


torpuscle is 
gwee'f 1 1 
R+a 


This reduces to 


= force upon atom B for one-half revolution 


ee 

(R?—a?) 

Law of force directly proportional to the product of the 
masses und inversely to the square of the distance. 


F (12) 
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The complete expression for the force of gravitation in 
equation (12) shows that the attraction varies directly as 
the product of the masses and inversely as the square of 
the distance, other things being constant, when 2 is large 
compared to a, the radius of the ring of revolving cor- 
puscles within the atom. This is the ordinary gravita- 
tionallaw. But we see that when the distance R is small, 
approaching molecular distances, the expression indicates 
an increase of the gravitational force. The increase in 
the rate of change of the force within molecular range is 
well known. The expression (12), therefore, includes 
both great and small distances. However, it must be 
remembered that in deriving this formula the magnetic 
induction in the sheet accompanying the revolving cor- 
puscle was considered to be uniform throughout the 
volume of the positive sphere B of the attracted atom. 
When the distance is very small the induction should be 
integrated throughout the volume, and the expression 
must not be used in ease FP is nearly efual to a. 

THE GRAVITATIONAL CONSTANT. 

To make any comparison between the constant in 
equation (12) calculated from this theory of gravitation 
and the well known astronomical gravitational constant 
it is first necessary to find some relation between the units 
employed. In the one ease the unit is the gramme and in 
the other the corpuscle or electron. To make the com- 
parison we must know approximately the number of cor- 
puscles in a gramme. Fortunately we can find this 
number with a fair degree of accuracy. For example, in 
the case of any gas at 0 deg. Cent. and 760 millimeters 
pressure, there are approximately 2.7 X10" molecules per 
cubic centimeter. In oxygen there are two atoms per 
molecule, and 700 cubie centimeters of gas weigh one 
gramme. There are, therefore, 378010" atoms per 
gramme. 

The exact number of corpuscles in an atom of any gas 
is determined for eack element by a special method 
developed by the author. In the case of oxygen there 
are fourteen corpuscles per atom, and hence there are 
for oxygen 5.29 x 10® corpuscles per gramme. 

In a similar manner this number has been determined 
for many elementary and compound gases for which the 
data are known, as follows: 

Corpuscles per 


Substance Gramme. 

Fluorine. ... 5.10 & 10° 
5.24 & 10% 


The well-known astronomical gravitational constant 
obtained from observations of the earth's attraction upon 
bodies is 666 X10-"", This is the force in dynes between 
2 grammes | centimeter apart. To find the gravitational 
force between two atoms containing one corpuscle 
each, together with its equivalent sphere of positive elec- 
trification, divide the gravitational constant by the 
square of the number of corpuscles per gramme, and find 

666 X 
10 

This is, of course, a hypothetical atom, since more than 
one corpuscle is required in a ring in any atom, but for 
purposes of calculation the result is the same as if we 
assume a certain kind of atom. 

By the calculated formula (12) we find upon substi- 
tuting e=e’=4.9X10-" electrostatic units, g=v=3 
<10'°, K and R equal to unity, and a small compared 
with unity, that 

2 X 4.9? x 10-* 


= 24.6 x 10 dynes. (13) 


F w= 15.3 X w dynes. (14) 

Upon equating (13) and (14) and solving for w, the 
thickness of the magnetic plane of one corpuscle, we 
obtain 

24.6 X 10 * 
15.3 X 10° 

The value of the thickness of the magnetic sheet thus 
obtained from a comparison with the gravitational con- 
stant is in agreement with the value we are led to expect 
from an examination of equation (7) by which the width 
of the plane may be calculated in terms of the velocity of 
the corpuscle. If we take the definite integral in (7) 
between the limits o and @ instead of between o and 7 to 
find the distribution of the induction, and if X denotes 
the variable factor 


w = 1.6 < 10-* centimeters. (15) 


— cos 0 cus 0 


Writing w=cos 4 we have 


1-, 
(1 — 62+ 


The value of X becomes unity when we take the total 


(17) 


induction from o to >: If we desire to find the velocity q 


which will give such a value of w that 99 per cent of the 
total induction is included between the two surfaces, we 
have 

w 


= 10. 
(1 — + 
Solving for w, we find 
w= — 
1— #710" 


Since / is approximately unity we may neglect 4? x 10-1 
when substracted from unity and, substituting 4 = z, 
write 
w= 10-4 = ete 104 


p2 
Putting v+q =2v, and solving for v—q, we have 


wv 
(18) 


Substituting the value of w obtained in (15) from the 
gravitational constant, and v =3 X10'°, we find 
1.603 


v-q= 


= 10- = 3.9 Xx 10-8 


It is seen by this calculation that if the velocity q of the 
corpuscle is 3.9 X 10-8 centimeters per second less than the 
velocity of light the astronomical gravitational constant 
may be directly calculated on this theory of gravitational 
attraction. 

The important considerations here shown are that in 
the one case the well-known phenomena of gravitation 
are completely accounted for, and in the other the values 
of atomic weights are explained by assuming that cor- 
puscles are revolving within the atoms in rings with 
velocities exceedingly near to the velocity of light, so that 
almost all of the magnetic induction lies between two 
surfaces not more than 1.61 X10-° centimeters apart. 
The corpuscle itself is supposed to have a diameter about 
centimeters. 
ACTION OF MAGNETIC SHEETS UPON NEGATIVE CORPUSCLES. 

It is realized that the explanation of the force of gravi- 
tation here given entirely neglects the possible action of 
the magnetic sheets upon the negative corpuscles as being 
small in comparison with the action upon the positive 
sphere. If the negative corpuscles were at rest in the 
sense that the positive sphere is, then it is true that there 
would be an equal and opposite foree upon the corpuscle 
neutralizing the effect upon the whole atom. 
pusele cannot be regarded as a stationary charge, how- 
ever, but as one moving so rapidly that its eleetrie field is 
all concentrated in the equatorial plane and accompanied 
by a magnetic field in that plane which eclipses in effect 
the electric field. It is better to regard corpuscles as 
peculiar magnets which have a distinet polarity. While 
I have not been able to give a mathematical proof of this 
point, yet it seems clear that, as the magnetic planes of 
the rings of corpuscles within an atom are acted upon by 
the transit of the plane of an outside corpuscle, the result- 
ant effect upon all the negative corpuscles for the whole 
atom must be small because the planes are turned at all 
possible angles, some corpuscles exactly neutralizing 


The cor- 


others. 
POSITION OF THE ATOM B WITH RESPECT TO THE PLANE OF 
THE ORBIT OF A. 

In the example represented in Fig. 1 the atom B is sup- 
posed to be located in the plane of the ring of corpuscles 
within the atom A; that is, in the plane of the paper. If 
B is not in this plane, but either above it or below it, the 
attraction of A for B diminishes as the angle increases for 
a given fixed distance between the atoms, and the attrac- 
tion reduces to zero at the poles when B is upon the axis 
of the ring of corpuscles above the point O. This means 
that the force of gravity for a single atom is not uniform in 
all directions, but exhibits a polarization. It would be 
interesting if it were possible to test this by some form of 
experiment. 
The effeets of gravitation that we are accustomed to 
measure are due to multitudes of atoms and molecules. 
In such collections the planes of the rings of rotating cor- 
puscles are turned at all possible angles, and the effect in 
this case is the same as if the atom B were always placed 
at some fixed angle with the plane of the orbit, the angle 
representing the mean of all possible positions. A con- 
stant factor is thus introduced modifying the actual value 
of the attraction, but the law of variation directly with 
the product of the masses and inversely as the square of 
the distance is not thereby affected. 
GENERAL CONSIDERATIONS. 

The speed with which gravitation travels has often 
been a subject of inquiry. This theory explains the mat- 
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ter. These magnetic planes of revolving corpuscles have 
been in existence since the atoms were formed, sweeping 
all space so that it is impossible for any object anywhere 
to escape being traversed by them in their universal 
reach. We can see that the rate of propagation of the 
magnetic force has nothing to do with the amount of 
attraction of gravitation. This depends upon the rate at 
which these planes cut, the body being attracted and upon 
the actual strength of the field. Nothing can change 
either of these effects unless the rate of revolution of the 
ring of corpuscles within the atoms be altered. 

The formula (2), which gives the value of the magnetic 
force at any point in the medium surrounding a slowly 
moving corpuscle, was given by Sir J. J. Thomson in the 
Philosophical Magazine of 1881, and is based upon the 
electromagnetic theory. This was amplified later by 
Oliver Heaviside, who gave the more general formula (1), 
which is true for great as well as slow velocities. These 
formulas apply to a charge moving in any curve. The 
angle 4 is the angle between the direction of motion and 
the radius vector from the center of the charge to the 
point in question. When the motion is in a circle these 
equations show that H, the strength of the field, is a 
maximum at all times and places on the radius vector OA 
joining the centers of the orbit and the corpuscle. 

To some this presents a difficulty because, even for 
slow velocities, if we go far enough away from the cor- 
puscle we come to a point where the position of the maxi- 
mum point of the field must be changing at a velocity in 
excess of the velocity of light. If the corpuscle itself has 
nearly the velocity of light this maximum position must 
have a velocity greater than that of light at all points 
outside of the orbit. If the energy of the field is chang- 
ing with the velocity of light, it is possible that the posi- 
tion of the maximum strength of the field may travel 
much faster than light. 

The final test of any gravitational theory is the velocity 
of transmission. It is known that if gravitational forces 
were transmitted with a speed no greater than that of 
light the positions of comets coming into our solar system 
would measurably deviate from the positions they are 
observed to occupy. Here is an experimental observa- 
tion which demands a velocity of transmission greater 
than that of light, and astronomical distances are required 
to obtain information of this kind. This gravitational 
theory meets this demand. If two bodies are approach- 
ing each other with any velocity you please, the number 
of transits of the magnetic field per second remains the 
same, and the attraction obeys the inverse square law 
exactly. If they approach not directly but at an angle, 
the number of transits per second for a single attracting 
atom is altered; but every body is made up of multitudes 
of atoms, and the attracting planes are moving in all pos- 
sible directions, so that the gain due to one is counterbal- 
anced by the loss due to another, the average attraction 
being independent of the lateral motion. 

To reject this theory merely because of the difficulty in 
admitting that the position of the maximum point of a 
magnetic field travels faster than light involves a rejec- 
tion of equations (1) and (2), and with them the electro- 
magnetic theory upon which they stand. 1n addition to 
this, any theory of electricity and magnetism which may 
be substituted for the theory upon which these formulas 
are based will have to encounter the same difficulty in 
explaining the apparently infinite velocity of transmis- 
sion of gravitation. 

The power of this theory of gravitation to explain phe- 
nomena will be found to be very great, and the foregoing 
description of the theory is given as preliminary in the 
hope that it may prove useful to others, 


Meerschaam._It seems that the origin of this word 
has not been definitely established. Some claim it to 
be a transmutation of the words myrsen or myrschen, 
as this mineral is named in Asia Minor, where it oc- 
curs in blocks from the size of a fist to the size of a 
man’s head. This derivation is, however, doubtful; it 
is much more likely that the Italians, who in former 
days had been the commission agents for this disinte- 
grated product of serpentines, first named it schiuma 
del mare (sea foam) on account of its lightness and 
uppearance, From the Italian it was taken over inte 
most of the modern languages. The property of meer- 
schaum to turn a bright brown color on exposure to 
heat, after having previously been treated with melted 
wax is said to have been accidentally discovered py a 
cobbler of the name of Koneatch, who lived in Buda- 
pest (Hungary) in the middle of the seventeenth cen- 
tury, and who also was a skilled wood carver. While 
at work on @ meerschaum tobacco pipe belonging to 
Count Andrassy, he dropped the Low! on a piece of wax, 
which he used for waxing this thread. Picking it up, 
he simply wiped off the wax adhering to the bowl; 
but later when the owner began smoking the pipe there 
appeared a beautiful dark brown spot on the bowl, 
where it had come in contact with the wax. The ob- 
servant cobbler was not slow to take advantage of his 
discovery, and thus, it is said, arose the practice of 
waxing meerschaum pipes.—Kdélnisehe Zeitung. 


-the prolonged treatment. 


Science Notes 

Herrings as Fertilizer in Japan.—In Japan about 
four million tons of herrings are caught every year. 
This enormous quantity is not by any means entirely 
used up for human consumption. In fact, about four- 
fifths of the entire quantity is used as organic fer- 
tilizer for the rice fiekis. 

Ripening Cheese by Blectricity.—One of the most re- 
cent applications of electricity which has come to our 
notice is that for ripening cheese. The use of elec- 
tricity for maturing various articles of consumptien, 
such as wines and alcoholic liquors,’is not new, but Mr. 
Gokkes’ method of applying an alternating current of 
2 amperes and 10,000 volts for the purpose of ripening 
cheese appears to be so. The treatment, as described in 
Cosmos, is continued for 24 hours, and is said to ef- 
fect in this short time a complete ripening of the 
cheese. 


Peculiarities of the Calendar.—Some facts about our 
calendar, which are obvious enough, but which have 
probably escaped the attention of the majority of our 
readers, are well worth quoting from Die Welt der 
Technik. Thus, the month of January always begins 
the same day of the week as the month of October. 
The same is true with regard to April and July, Septem- 
ber and December. Again, February, March and No- 
vember also begin with the same day of the week. 
This, however, is true only in normal years of 365 
days. A century can never begin on Wednesday, 
Friday or Saturday. Furthermore, the ordinary year 
ends on the same day of the week as it begins. 

Platinum-osmium Instead of Platinum-iridium.— 
Since platinum is too soft for use for various practical 
purposes, it is customary to harden it by the use of 
iridium as an alloy. Experiments by W. C. Heraeus 
show that osmium is much superior for this purpose, 
first because only 2 per cent osmium takes the place of 
5 per cent iridium. Secondly, the osmium alloy is 
much more elastic. Still larger percentages of osmium 
may be used and produce increased hardness, but when 
20 per cent is reached the alloy is so brittle as to be 
useless for technical purposes. It is necessary that the 
osmium have a high degree of purity, as very minute 
quantities of iron or copper affect the hardening pro- 
cess unfavorably. 

The Teeth of Prehistoric Man.—It has been observed 
for some time that the teeth of adult skeletons dating 
from the neolithic period show an abnormally high de- 
gree of wear as compared with modern teeth or those 
of the middle ages. Mr. Marcel Baudouin quoted in 
Cosmos, suggests that this excessive wear of the teeth 
is due to the fact that the neolithic men consumed a 
food largely contaminated with sand; this appears 
quite probable since they seem to have lived on roots 
and grain and similar materials crushed in very prim- 
itive mills, usually made of earthenware. Mr. 
Boudouin confirmed his supposition by the observation 
that among the earth-eating tribes of Siam a similar 
wear of the teeth is observed, even in greatef degree 
than among the neolithic men. It does not seem likely, 
therefore, that the latter practiced geophagism, that is 
to say, eating earth. Probably the mere admixture of 
sand with food is sutticient to account for the observed 
condition of their teeth. 

Printing a Positive from a Positive.—The need oc- 
casionally arises to prepare a positive copy from a 
positive transparency. Ordinarily the only means of 
effecting this is to first print a negative and then copy 
this a second time. The following method given by 
Lumiére and Seyewitz is published in La Nature and 
should prove of interest: The plate is first exposed 
in the usual way and developed rather fully in any 
suitable developer, such as diamido-phenol, and is then 
washed for about a minute. It is next laid with its back 
against a piece of black paper, which is wetted so as 
to adhere to the glass. The developed plate is then 
exposed to the light and is immersed in the following 
solution: Water, 1,000 cubie centimeters; sulphuric 
acid, 10 cubie centimeters; potassium permanganate, 1 
gramme. This dissolves off the silver image. The tem- 
perature of the bath should not exceed 20 deg. Cent. 
After the plate has become entirely transparent, which 
occurs in about two minutes, the plate is laid in a 2 
per cent solution of sodium bisulphite in order to 
bleach it, and is then washed for one minute. The 
next step is to fix thoroughly in a 10 per cent solution 
of sodium bisulphate (“hypo”); finally, the image is 
developed in the following bath: (a) Water, 1,000 
cubie centimeters; anhydrous sodium sulphite, LSO 
grammes; mercuric bromide, 9 grammes; (b) water, 
1,000 cubie centimeters; anhydrous sodium sulphite, 20 
grammes; metol, 20 grammes. For a plate measuring 
13 < 18, take 150 cubie centimeters of a and 40 eubie 
centimeters of b. The image appears in about one 
minute, but works out rather slowly. After about an 
hour or an hour and a half the finest details are com- 
plete, and the results are as good as those obtained by 
the usual process. The bath remains clear in spite of 
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Electrical Notes. 

Wireless Telegraphy.—The development of wirelegg 
telegraphy during the past three years is remarkable 
The Berner Internationales Telegraphen Journal gives 
the following figures: In January, 1909, there wer 
92 wireless land stations in action and 416 ships pre 
vided with wireless apparatus. On January, 1910, 
there were 136 land stations and 619 ships provided, 
and on January, 1911, there were 219 land stations ang 
988 ships fitted with wireless apparatus. 


Bmission of Blectrons in Chemical Reactions, 
Hitherto there have been essentially two experimental 
conditions known under which electrons are liberated 
from ordinary matter, namely, firstly, in the so-calleg 
radio-active changes, and, secondly, in the case of the 
the so-called photo-electric effect. This consists 
in the emission of electrons from certain sgh 
stances when they are exposed to a beam of ultrm 
violet light. To these two cases must now be adidedg 
third, for it has been shown by Haber and Just that 
under certain conditions, electrons are liberated iu the 
course of chemical reactions. The particular reaction 
which these experimenters employed is that bet weeg 
alloys of sodium and potassium and certain strongly 
reactive gases, such as iodine vapor, phosgene, ct@ 
When an electrometer is situated in the neighborhood of 
the reacting substances it accumulates a negative 
change, owing to the impact of electrons. As time goeg 
on we are finding that electrons make their appearane 
at every turn in the investigation of pbysical scivnee, 


The Blectron Theory of Catalysis.—Probalbl) the 
most modern explanation suggested for that uns lived 
problem of the chemistry, catalysic action, comes te 
us from Mr. P. Achalme, whose work is noted ip 
Cosmos. This writer suggests that molecules are 
formed from atoms linked together by negative elee 
trons extruded from the atom. The action o/ the 
catalyses would then depend upon its capacity for 
furnishing electrons to or withdrawing electrons from 
the reacting system. As is well known, platinum, 
especially in the form of so-called sponge, is a very 
active catalyser in a number of reactions. Platinum is 
one of those substances that readily give up electrons 
It thus requires a positive charge and attracts electrons 
around itself. If platinum sponge is introduced inte 
a gas, the metal will tend to abstract from the gas 
molecules the electrons which bind their atoms te 
gether, and will thus form a transitory combination 
with the molecules of gas. If the electrons are thus 
retained by the metal, the gaseous molecule becomes 
disrupted. The atoms are thus set at liberty. but 
possessing a positive electric charge, which as «a mat 
ter of fact has been actually observed. This theory 
seems to give an explanation of the catalytic redue 
tion and oxidation in the presence of palladium, 
platinum, pickel, ete., which is so commonly observed. 


The Earth’s Population Classified According 
to Sex 

Or recent years the custom of making systematic cel 
sus of the population has become well established 
throughout all civilized countries, and it is now possk 
ble to gain a fairly accurate idea of conditions al! the 
world over. Some of the figures cited in Prometheus 
in regard to this matter are interesting. The worlds 
total population is estimated at 1,700 millions, out of 
which the proportion of the sexes is known for 1.088- 
000,000, the ratio being 1,000 males to 990 females. 

The ratio varies very considerably in different »laces 
In Europe there were, for every 1,000 men, 1,027 
women; Africa, 1,045; America, 964; Asia, 615 
Australia, 937. The maximum proportion of women 8 
found in Uganda, 1,467; the minimum in the Alaska 
gold fields and the Malay States, with 391 and 38% 
respectively. 
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